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TI Biochemical pharmacology of acivicin in rat hepatoma cells 

AU Lui, May S . ; Kizaki, Harutoshi; Weber, George 

CS Sch. Med., Indiana Univ., Indianapolis, IN, 46223, USA 

SO Biochemical Pharmacology (1982), 31(21), 3469-73 
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AB The antiglutamine agent acivicin (I) [42228-92-2] inhibited the growth of 

hepatoma 3 924A cells in culture. The 7 day LC50 of acivicin was determined to 
be 1.4 nM. A combination of cytidine, deoxycytidine, and guanos ine 
completely protected the hepatoma cells against the cytotoxicity acivicin, 
but each nucleoside by itself had no effect. Acivicin (0.1 mM) inhibited 
the incorporation of uridine and thymidine into macromols., but not that 
of leucine. Acivicin depressed the pools of CTP, 'GTP, dCTP, dGTP, and 
dTTP , but it increased the UTP levels. The activity of a highly purified 
CTP synthetase (EC 6.3.4.2) [9023-56-7] from rat liver and hepatoma 3924A 
was inhibited by acivicin. The inhibition was competitive with respect to 
L-glutamine, and the Ki values were 1.1 and 3.6 nM, resp. 

hydroxyacivicin [54549-02-9] Was also a competitive inhibitor, but it was 
less effective than acivicin, with a Ki value of 1.8 mM for the hepatoma 
enzyme. It appears that the principal mechanism of action of 
acivacin is the inhibition of CTP synthetase and GMP synthetase 
(EC 6.3.5.2) [37318-71-1] . 

ST acivicin antitumor biochem Pharmacol 

IT Neoplasm inhibitors 

(hepatoma, acivicin, biochem. mechanism of) 

IT 54549-02-9 

RL: BIOL (Biological study) 
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The present invention is directed to detection/ and measurement of gene 
transcripts and their equivalent nucleic acid/products in blood. Specifically 
provided is anal, performed on a drop of blood for detecting, diagnosing 
and monitoring diseases using gene-specific And/or tissue-specific 
primers. The present invention also describes methods by which 
delineation of the sequence and/or quantitation of the expression levels 
of disease-specific genes allows for an immediate and accurate 
diagnostic/prognostic test for disease or /to assess the effect of a 
particular treatment regimen. [This abstract record is one of 3 records for 
this document necessitated by the large slumber of index entries required to 
fully index the document and publication system constraints.] . 
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transcripts in hypertension, tfbesity, allergy, systemic steroids, coronary 
artery disease, diabetes type/ 2, hyperlipidemia , lung disease, bladder 
cancer, rheumatoid arthritis ,/ osteoarthritis , liver cancer 
, schizophrenia, Chagas disease, asthma, and manic depression syndrome. 
The present invention describes methods by which delineation of the 
sequence and/or quantitation/ of the expression levels of disease-specific 
genes allows for an immediate and accurate diagnostic/prognostic test for 
disease or to assess the effect of a particular treatment regimen. [This 
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AB The present invention is directed to detection and measurement of gene 

transcripts and their equivalent nucleic acid products in blood for diagnosing 
and monitoring diseases. The present invention demonstrates that a simple 
drop of blood may be used to determine toe quant, expression of various mRNAs 
that reflect the health/disease state of /the subject through the use of 
quant, reverse transcript ion-polymerase chain reaction (QRT-PCR) anal. 
Specifically provided is anal, performer on a drop of blood for detecting, 
diagnosing and monitoring rheumatoid artihritis using gene-specific and/or 
tissue-specific primers. The present invention also describes methods by 
which delineation of the sequence and/or quantitation of the expression 
levels of disease-specific genes allows for an immediate and accurate 
diagnostic/prognostic test for disease /or to assess the effect of a 
particular treatment regimen. 
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AB The present invention is directed to detection and measurement of 

transcripts and their equivalent nucleic acid products in blood for diagnosing 
and monitoring diseases. The present invention 7 demonstrates that a simple 
drop of blood may be used to determine the quant, expression of various mRNAs 
that reflect the health/disease state of the subject through the use of 
quant, reverse transcript ion-polymerase chain^ reaction (QRT-PCR) anal. 
Specifically provided is anal, performed on drop of blood for detecting, 
diagnosing and monitoring rheumatoid arthritis using gene-specific and/or 
tissue-specific primers. The present invention also describes methods by 
which delineation of the sequence and/or quantitation of the expression 
levels of disease-specific genes allows f<sr an immediate and accurate 
diagnostic/prognostic test for disease or to assess the effect of a 
particular treatment regimen. [This abstract record is one of 3 records for 
this document necessitated by the large/' number of index entries required to 
fully index the document and publication system constraints.] . 
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AB The present invention is directed to detection and measurement of gene 

transcripts and their equivalent nucleic acid products in blood. /Specifically 
provided is anal, performed on a drop of blood for detecting, diagnosing 
and monitoring diseases using gene-specific and/or t issue-specific 
primers. Affymetrix Human Genome U133 and ChondroChip micro^rrrays were 
used to detect differentially expressed gene transcripts in/hypertension, 
obesity, allergy, systemic steroids, coronary artery disease, diabetes 
type 2, hyperlipidemia, lung disease, bladder cancer, rheumatoid 
arthritis, osteoarthritis, liver cancer, schizophrenia, /chagas 
disease, asthma, and manic depression syndrome. The present invention 
also describes methods by which delineation of the sequence and/or 
quantitation of the expression levels of disease-spec/if ic genes allows for 
an immediate and accurate diagnostic/prognostic test/ for disease or to 
assess the effect of a particular treatment regimen/ [This abstract record 
is one of 3 records for this document necessitated /by the large number of 
index entries required to fully index the document/and publication system 
constraints . ] . 
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used to detect differentially expressed gene transcripts in hypertension, 
obesity, allergy, systemic steroids, coronary artery disease, diabetes 
type 2, hyperlipidemia, lung disease, bladder cancer, rheumatoid 
arthritis, osteoarthritis, liver cancer, schizophrenia, Ch^gas^ 
disease, asthma, and manic depression syndrome. The present invention 
also describes methods by which delineation of the sequence and/or 
quantitation of the expression levels of disease-specific genes allows for 
an immediate and accurate diagnostic/prognostic test tyor disease or to 
assess the effect of a particular treatment regimen. 
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An intracellular selection system allows screening for peptide bioactivity 
and stability. Randomised recombinant peptides are screened for 
bioactivity in a tightly regulated expression system, preferably derived 
from the wild-type lac operon. Bioactive peptides thus identified are 
inherently protease- an'd peptidase-resistant . Also provided are bioactive 
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peptides stabilized by a stabilizing group at the N-terminus , the 
C-terminus, or both. The stabilizing group can be a small stable protein, 
such as the Rop protein, glutathione sulfotransf erase, 
thioredoxin, maltose binding protein, or glutathione 
reductase, an a-helical moiety, or one or more proline residues. 
Construction and characterization of a highly regulatable expression 
vector, pLACll, and its multipurpose derivs., pLAC22 and pLAC33, is 
described. An in vivo approach for generating novel bioactive peptides 
that inhibit the growth of E. coli is disclosed. Directed synthesis of 
stable synthetically engineered inhibitor peptides is described. 



L36 ANSWER 11 OF 54 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 
AUTHOR (S) : 



CORPORATE SOURCE: 



SOURCE : 



PUBLISHER: 
DOCUMENT TYPE 
LANGUAGE : 
AB 



HCAPLUS COPYRIGHT 2 005 ACS on STN 
2000:373944 HCAPLUS 
133 :118600 
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A review with 4 9 ref s . Redox processes have been implicated in 
various biol . processes, including signal transduction, gene expression, 
and cell proliferation, and several mols. have been identified 
as redox regulators in cell activation. Glutathione 

is the oldest and most investigated mol . among them. Although details of 

the mechanisms by which glutathione regulates various aspects of 

cell biol. remains to be characterized, the relationship between 

immunodeficiency and cellular glutathione status is well 

established. Redox dysregulation contributes to the 

pathogenesis of acquired immunodeficiency syndrome (AIDS) . Human 

immunodeficiency virus (HIV) -infected patients and simian immunodeficiency 

virus (SIV) -infected rhesus macaques have, on the average, significantly 

decreased plasma cysteine and intracellular glutathione levels. 

Liver contains abundant levels of reducing factors. However, 

glutathione levels in serum and peripheral blood mononuclear cells 

of cirrhosis patients are lower compared to values detected in healthy 

individuals. In the present article, the significance of 

glutathione in regulating the functions of lymphocytes, especially those 

of liver-associated lymphocytes, has been described. A novel strategy for 

immune therapy of liver neoplasms with the use of redox 

-modulating agents has been proposed. 
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SOURCE: Arsenic Exposure and Health Effects, Proceedings of 

the International Conference on Arsenic Exposure and 
Health Effects, 3rd, San Diego, July 12-15, 1998 ( 
1999), Meeting Date 1998, 243-251. Editor (s) : 
Chappell, Willard R. ; Abernathy, Charles 0.; Calderon, 
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AB Arsenic (As) is a human carcinogen, but not a mutagen, although 

it inhibits DNA repair and is a comutagen. Human AG06 keratinocytes 
treated with micromolar arsenic exhibit dose and time -dependent loss of 
DNA ligase function. However, purified human DNA ligase I, ligase III, 
and other repair enzymes such as DNA polymerase p, are not inhibited 
by less than millimolar arsenite, As(III), the most toxic form of As found 
in the environment. DNA ligase activity in exts. from untreated 
keratinocytes is also insensitive to less than millimolar As. Pyruvate 
dehydrogenase, on the other hand, is inhibited by micromolar As and 
probably dets. As-induced cytotoxicity. Simultaneous treatment of AGOG 
cells with an alkylating agent, l-methyl-3-nitro-l-nitrosoguanidine 
(MNNG) , plus As produces a synergistic increase in viability (dye uptake) 
at low doses and a synergistic increase in toxicity at high doses. 
Micromolar As also modulates cellular redox levels and induces a 
variety of cellular stress response genes. Keratinocytes treated with As 
exhibit both a time- and dose-dependent increase in cellular GSH levels 
and alterations in the relative activity of several GSH-dependent enzymes. 
These As -induced changes in cellular redox capacity and DNA 
repair activity are not directly related to toxicity. Maximal induction 
of GSH and DNA repair occurs after treatment with sub-toxic concns . of As. 
At submicromolar concns., arsenic also induces hyperprolif eration 
of keratinocytes, both in vivo and in vitro. These results suggest that 
As modulates DNA repair and redox levels primarily through 
post-translational or transcriptional mechanisms. 
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Latent matrix metalloproteinases (MMPs) in normal myocardium are activated 
in end-stage heart failure. In vitro oxidized glutathione 
(GSSG) activates myocardial MMPs which contains a cysteine residue. In 
vivo GSSG induce the collagen lysis and cardiac dilatation. To assess 
whether thiol and non-thiol reducing agents have 
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direct effect on the interstitial human heart fibroblast (HHF) 
proliferation and MMP expression, HHF and polyoma virus 
transformed fibroblast cells were cultured with or without the 
thiol-containing reduced (GSH) or oxidized (GSSG) glutathiones 
, pyrrolidine dithio carbamate (PDTC) and N-acetylcysteilne ( 
NAC) , and non-thiol ascorbic acid. After 100 M.g/mL 
(.apprx.0.3 mM) GSH or PDTC treatment the proliferative 
(synthetic) phenotype of transformed fibroblast cells was changed to 
quiescent (contractile) phenotype. Also, after GSH, PDTC, and ascorbic 
acid treatment the medium was then analyzed for MMP activity by zymog. 
The results indicate reduction in MMP expression in transformed fibroblast 
cells after GSH and PDTC treatments and no effect after ascorbic acid 
treatment. Based on reverse zymog., we observed the level of tissue 
inhibitor of metalloproteinase (TIMP) at a decreased level in transformed 
cells. The effect of the reducing agent at the gene transcription was 
measured by estimating mRNA (Northern blot anal.) of MMP and of TIMP in the 
cells that were cultured in medium in the presence and absence of GSH. 
These results indicate that GSH induces MMP-2 and MMP-1 expression in 
normal HHF and that GSH reduces MMP-2 and MMP-1 in transformed fibroblast 
cells. After the treatment, the TIMP-2 level was repressed in normal HHF 
and TIMP-2 level increased in transformed fibroblast cells. These events 
are dependent on the nuclear transcription factor activity on the 
collagenase promoter in normal HHF cells. On the other hand, in polyoma 
transform fibroblast cells these events are not dependent on this 
collagenase promoter. These results suggest that oxidative environment 
induces normal HHF cell proliferation, and the reducing agent 
decreases normal HHF cell proliferation by inducing MMP and 
repressing TIMP gene transcription. In transformed cells reducing agents 
inhibit MMP expression and increase TIMP levels, which suggests a role of 
antioxidants in preventing tumor igenes is . 
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AB The present invention is directed to a composition or formulation which 
inhibits or interferes with cellular redox function, and method 
of using same to restore normal cellular function. More specifically, the 
composition of the present invention interferes with or inhibits abnormal 
cellular proliferation and or restores cellular apoptosis. 
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Previous data show a relation between GSH content and 
proliferation of normal and tumor cells. We recently 
demonstrated a specific involvement of GSH in the autophosphorylation 
activity of the platelet-derived growth factor (PDGF) receptor in NIH3T3 
fibroblasts. In this study we demonstrate that the stimulation by PDGF of 
serum-starved NIH3T3 cells increases cellular GSH content, while no change 
in oxidized GSH content was measured. Expts. performed with actinomycin, 
cycloheximide and buthionine sulfoximide, a specific inhibitor of the 
rate-limiting enzyme of the de novo synthesis of GSH y- 
glutamylcysteine synthetase (y-GCS) , confirm PDGF induction of GSH 
synthesis. These results provide the first demonstration that PDGF 
mediated transduction signals seem strictly related to mechanisms involved 
in the increase of y-GCS activity associated with increased y-GCS 
heavy subunit mRNA levels. In fact, serum and epidermal growth factor 
(EGF) stimulation of quiescent NIH3T3 and NIH3T3, which overexpress EGF 
receptor, does not affect GSH content or its synthesis. These data may be 
related to a possible GSH role in the redox regulation of cell 
proliferation mediated by PDGF. 
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AB Glutathione (GSH) is the main non-protein thiol 

important in antioxidant defense and maintenance of the intracellular 
redox state. A major determinant of the rate of GSH synthesis is 
the activity of the rate-limiting enzyme, y-glutamylcysteine 
synthetase (GCS) . A heavy (HS) and light subunit (LS) make up GCS; 
oxidative stress regulates both transcriptionally. cis-Acting elements 
important for the oxidative stress-induced transcriptional up-regulation 
of both subunits are antioxidant response element (ARE) and activator 
protein-1 (AP-1) site. The nuclear factor-KB (NF-kB) binding 
site may also regulate the heavy subunit. Increased GSH and 
y-glutamyl transpeptidase are often observed in preneoplastic 
hepatocyte nodules and may be important in hepatocarcinogenesis • 
The current work examined the effect of a commonly used 
hepatocarcinogen, thioacetamide (TAA) , on the expression of GCS 
subunits. After 3 wk of TAA treatment, liver GSH level remained unchanged 
despite significant oxidative stress as measured by the thiobarbituric 
acid reactive substance assay. The mRNA levels of GCS-HS and GCS-LS 
increased six- and fourfold, resp., and the protein level of GCS-HS and 
GCS activity all increased. Electrophorectic mobility shift assay showed 
binding to ARE, AP-1, and NF-kB probes all increased. These results 
suggest TAA treatment increased hepatic GCS subunit expression and GCS 
activity by inducing oxidative stress and increasing the binding to 
redox- sensitive cis-acting elements important for transcriptional 
up-regulation of GCS. This is the first in vivo study that examined the 
effect of a hepatocarcinogen on GCS expression. (c) 1999 
Academic Press. 
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The expression of gamma -glutamyl transpeptidase (GGT) , a plasma membrane 
ectoenzyme involved in the metabolism of extracellular reduced 
glutathione (GSH) , is a marker of neoplastic progression 
in several exptl . models, and occurs in a number of human malignant 
neoplasms and their metastases. Because it favors the supply of 
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precursors for the synthesis of GSH, GGT expression has been interpreted 

as a member in cellular antioxidant defense systems. However, 

thiol metabolites generated at the cell surface during GGT 

activity can induce prooxidant reactions, leading to production of free 

radical oxidant species. The present study was designed to characterize 

the prooxidant reactions occurring during GGT ectoactivity, and their 

possible effects on the thiol redox status of proteins 

of the cell surface. Results indicate that: (i) in U937 cells, expressing 
significant amts. of membrane -bound GGT, GGT-mediated metabolism of GSH is 
coupled with the extracellular production of hydrogen peroxide; (ii) GGT 
activity also results in decreased levels of protein thiols at 
the cell surface; (iii) GGT-dependent decrease in protein thiols 
is due to sulfhydryl oxidation and protein S-thiolation reactions; 
and (iv) GGT irreversible inhibition by acivicin is sufficient 
to produce an increase of protein thiols at the cell surface. 
Membrane receptors and transcription factors have been shown to possess 
critical thiols involved in the transduction of 
proliferative signals. Furthermore, it was suggested that S- 
thiolation of cellular proteins may represent a mechanism for 
protection of vulnerable thiols against irreversible damage by 
prooxidant agents. Thus, the findings reported here provide addnl . 
explanations for the envisaged role played by membrane -bound GGT activity 
in the proliferative attitude of malignant cells and their 
resistance to prooxidant drugs and radiation therapy. 
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The mechanism of wasting, as it occurs in malignant diseases and various 
etiol. unrelated conditions, is still poorly understood. The authors 
have, therefore, studied putative cause/effect relationships in a murine 
model of cancer cachexia, C57BL/6 mice bearing the fibrosarcoma 
MCA-105. The plasma of these mice showed decreased albumin and increased 
glutamate levels, which are typically found in practically all catabolic 
conditions. Skeletal muscles from tumor-bearing mice were found 
to have an abnormally low mitochondrial respiratory chain activity 
(mito.RCA) and significantly decreased glutathione (GSH) levels. 
The decrease in mito.RCA was correlated with an increase in the i.m. GSH 
disulf ide/GSH ratio, the plasma cystine/thiol ratio, and the GSH 
disulf ide/GSH ratio in the bile. This is indicative of a generalized 
shift in the redox state extending through different body 
fluids. Treatment of tumor-bearing mice with ornithine, a 
precursor of the radical scavenger spermine, reversed both the decrease in 
mito.RCA and the change in the redox state, whereas treatment 
with cysteine, a GSH precursor, normalized only the redox state. 
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Treatment of normal mice with dif luoromethyl -ornithine, a specific 
inhibitor of ornithine decarboxylase and spermine biosynthesis, inhibited 
the mito.RCA in the skeletal muscle tissue, thus illustrating the 
importance of the putrescine/spermine pathway in the maintenance of 
mito.RCA. Ornithine, cysteine, and N-acetyl -cysteine (NAC) also 
reconstituted the abnormally low concns . of the GSH precursor glutamate in 
the skeletal muscle tissue of tumor -bearing mice. Higher doses, 
however, enhanced tumor growth and increased the plasma glucose 
level in normal mice. In the latter, cysteine and NAC also 
decreased i.m. catalase and GSH peroxidase activities. Taken together, 
the studies on the effects of ornithine, cysteine, and NAC 
illuminate some of the mechanistic pathways involved in cachexia and 
suggest targets for therapeutic intervention. 
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AB The relationship among cancer growth, the glutathione 

redox cycle and the antioxidant system was studied in blood and in 

tumor cells. During cancer growth, the 

glutathione redox status (GSH/GSSG) decreases in blood 

of Ehrlich ascites tumor-bearing mice. This effect is mainly 

due to an increase in GSSG levels. Two reasons may explain the increase 

in blood GSSG: (a) the increase in peroxide production by the tumor 

that, in addition to changes affecting the glutathione-related and 

the antioxidant enzyme activities, can lead to GSH oxidation within the red 

blood cells; and (b) an increase of GSSG release from different tissues 

into the blood. GSH and peroxide levels are higher in the tumor 

cells when they proliferate actively, however GSSG levels remain 

constant during tumor growth in mice. These changes associate with 

low levels of lipid peroxidn. in plasma, blood and the tumor 

cells. The GSH/GSSG ratio in blood also decreases in patients bearing 

breast or colon cancers and, as it occurs in tumor 

-bearing mice, this change assocs. with higher GSSG levels, especially in 

advanced stages of cancer progression. Our results indicate 

that determination of glutathione status and oxidative stress-related 

parameters in blood may help to orientate cancer therapy in 

humans . 
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In previous studies the authors have demonstrated that transforming growth 
factor (TGF) -a/c-myc double transgenic mice exhibit an enhanced rate 
of cell proliferation, accumulate extensive DNA damage, and 
develop multiple liver tumors between 4 and 8 mo of age. To 
clarify the biochem. events that may be responsible for the genotoxic and 
carcinogenic effects observed in this transgenic model, several 
parameters of redox homeostasis in the liver were examined prior 
to development of hepatic tumors. By 2 mo of age, production of 
reactive oxygen species, determined by the peroxidn . -sensitive fluorescent 
2 ' , 7 ' -dichlorof luorescein diacetate, was significantly elevated in 
TGF-a/c-myc transgenic hepatocytes vs. either wild type or c-myc 
single transgenic cells, and occurred in parallel with an increase in 
lipid peroxidn. Concomitantly with a rise in oxidant levels, antioxidant 
defenses were decreased, including total glutathione content and 
the activity of glutathione peroxidase, whereas 

thioredoxin reductase activity was not changed. However, hepatic 
tumors which developed in TGF-a/c-myc mice exhibited an 
increase in thioredoxin reductase activity and a very low 
activity of glutathione peroxidase. Furthermore, specific 
deletions were detected in mtDNA as early as 5 wk of age in the transgenic 
mice. These data provide exptl. evidence that co-expression of 
TGF -a and c-myc transgenes in mouse liver promotes overprodn. of 
reactive oxygen species and thus creates an oxidative stress environment. 
This phenomenon may account for the massive DNA damage and acceleration of 
hepatocarcinogenesis observed in the TGF-a/c-myc mouse model. 
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AB Increased expression of cyclooxygenase (COX) and overprodn. of 

prostaglandins (PGs) have been implicated in the development and 
progression of colorectal cancer (CRC) . Recent observations 
suggest that reactive oxygen intermediates play a role in tumor 
cell growth regulation and expression of the inducible COX, COX-2. 
Therefore, the effects of various antioxidants on COX expression and 
cellular growth were evaluated in the human CRC cell line HCA-7. The 
antioxidants pyrr o 1 idinedi thiocarbama te (PDTC) , N- 
acetylcysteine, 6-hydroxy-2 , 5 , 7, 8-tetramethylchroman-2-carboxylic 
acid (Trolox) , and U74006 decreased PG production, intracellular redox 
status, and cellular growth in a concentration-dependent manner. The decrease 

in 

cellular growth was associated with the induction of apoptosis. Unlike the 
selective COX inhibitors 1- [ (4 -methyl sulfonyl) phenyl] -3-trif luoromethyl-5- 
[ (4 -fluoro) phenyl ] pyrazole (SC 58125) and (2 -cyclohexyloxy-4 - 
nitrophenyl) methanesulfonamide (NS 398) that inhibit COX-2 catalytic 
activity, these antioxidants decreased COX-2 expression at the 
transcriptional level. Combined treatment of HCA-7 cells with PDTC and SC 
58125 resulted in an additive decrease in PG levels and 
anchorage -dependent and -independent growth. Furthermore, whereas 
antioxidants or SC 58125 reduced tumor growth in vivo, 
coadministration of PDTC and SC 58125 resulted in actual tumor 
regression. These results suggest that combined therapy with NSAIDs and 
antioxidants might be useful in the prevention and/or treatment of CRC. 
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The interactions of a series of 2-imidazolyl disulfide antitumor 
compds. with the thioredoxin reductase (TR) -thioredoxin 
(hTrx) redox system have been studied. Bu 2-imidazolyl 

disulfide (I) and Et 2-imidazolyl disulfide (II) were substrates for reduction 
by TR with Km values of 43 and 48 uM. 1-Methylpropyl 2-imidazolyl 
disulfide (III) and benzyl 2-imidazolyl disulfide (IV) were competitive 
inhibitors of the reduction of hTrx by TR with Ki values of 31 u-M. None of 
the disulfides were substrates for reduction by human glutathione 
reductase. The disulfides caused reversible thioalkylation of hTrx at the 
redox catalytic site as shown by the fact that there was no 
thioalkylation of a mutant hTrx where both the catalytic site Cys32 and 
Cys35 residues were replaced by Ser. In addition, the disulfides caused a 
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slower irreversible inactivation of hTrx as a substrate for reduction by TR, 
with half-lives for I of 30 min, for III of 4 h, and for tert-Bu 
2-imidazolyl disulfide of 24 h. This irreversible inactivation of hTrx 
occurred at concns . of the disulfides an order of magnitude below those 
that inhibited TR, and involved the Cys73 of hTrx, which is outside the 
conserved redox catalytic site, as shown by the resistance to 
inactivation of a mutant hTrx where Cys73 was replaced by Ser. 
Electrophoretic and mass spectral analyses of the products of the reaction 
between the disulfides and hTrx show that modification of 1-3 Cys residues 
of the protein occurred in a concentration-dependent fashion. The disulfides 
inhibited the hTrx -dependent proliferation of MCF-7 breast 
cancer cells with IC50 values of I and III of 0.2 and 1.2 yxM, 
resp. The results show that although the catalytic sites of TR and hTrx 
are reversibly inhibited by the 2-imidazolyl disulfides, it is the 
irreversible thioalkylation of Cys73 of hTrx by the disulfides that most 
probably accounts for the inhibition of thioredoxin-dependent 
cell grown by the disulfides. 
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administration of a manipulator of nitrosative stress to selectively kill 
or reduce the growth of the microbes or helminths causing the infection or 
of host cells infected with the microbes or of the pathol . 
proliferating mammalian cells. Novel agents include 
a-alkyl-S-alkyl -homocysteine sulfoximines wherein the a-alkyl 
contains 2-8 carbon atoms, and the S-alkyl contains 1-10 carbon atoms. In 
another invention herein, mammals in need of increased nitrosative stress 
defenses are treated, e.g. humans at risk for a stroke because of having 
had a transient ischemic attack are treated. Treatments to increase 
nitrosative stress defenses include, for example, repeated administrations 
of low doses of manipulators of nitrosative stress so that the subject 
treated has increased tolerance to nitrosative stress. In .still another 
invention, mammals are treated for protozoal infections by systemic 
administration of L-buthionine-S-sulfoximine and agent that increases 
nitrosative stress. 
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AB Both clin. and exptl. evidence indicates that AIDS-related Kaposi's 

sarcoma (AIDS-KS) has a multifactorial pathogenesis with factors such as 

HIV viral load, latent virus induction, and opportunistic infections 

contributing to disease progression. However, a consistent feature that 

unites these apparently diverse putative etiol. agents is sustained serum 

elevations of pro -inflammatory cytokines such as tumor necrosis 

factor-a (TNF-a) . While virtually every cell responds to 

TNF-a with gene activation, the extent of TNF-a-mediated 

cellular signaling is regulated by a delicate balance between signal 

activation and signal arresting events. Reactive oxygen intermediates 

(ROD, which are generated as a consequence of TNF-a membrane 

interaction, are part of this TNF-a-initiated cellular activation 

cascade. Previous studies in the authors' laboratory have shown that AIDS-KS 

cells possess impaired oxygen intermediate scavenging capacities, thereby 

establishing conditions permissive for the intracellular retention of ROI . 

Here, the authors used cellular capacity to upregulate the cytoprotective 

enzyme superoxide dismutase (SOD) to address the extent of cellular 

response to TNF-a. Concurrent with the SOD analyses, nucleotide 

profiles were obtained to assess cellular bioenergetic responses during 

TNF-a challenge. Proliferative growth levels of 

mitochondrial (Mn)SOD activities showed an activity spectrum ranging from 
lowest activity in AIDS-KS cells, to intermediate levels in matched, 
nonlesional cells from the AIDS-KS donors, to highest activities in HIV 
normal fibroblasts. In contrast, following TNF-a challenge, the 
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AIDS-KS and KS donor nonlesional cells showed a 11.89- and 5.86-fold resp. 

increase in MnSOD activity, while the normal fibroblasts demonstrated a 

1.35-fold decrease. Subsequent thiol redox modulation 

studies showed that only the normal fibroblast cultures showed a 

potentiation of TNF-a-mediated MnSOD upregulation following GSH 

depletion. In addition, provision of the GSH precursor, N- 

acetylcysteine during TNF-cc challenge only diminished MnSOD 

activity and mitochondrial compartmentalization in the AIDS-KS cells, a 

finding that likely reflects the lower levels of reduced thiols 

in this cellular population. The authors' data, which show that a 

perturbation in their cellular thiol redox status 

accentuates AIDS-KS cellular responsiveness to TNF-a, suggest a 

biochem. rationale for the recognized TNF-a AIDS-KS clin. 

correlation. 
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Selenium (Se) is an essential trace element and has been reported to 
decrease the incidence of some human cancers. The authors have 
investigated the effects of Se on thioredoxin reductase, a 
selenocysteine containing flavoenzyme, in HT-2 9 human colon cancer 
cells grown in serum- free medium. Sodium selenite and other Se containing 
compds. produced a time and concentration dependent increase in intracellular 
thioredoxin reductase activity and protein levels. Selenite was 
the most active of the Se compds. examined: 1 \M selenite produced a 
28 -fold increase in thioredoxin reductase activity by 1 day and 
10 nM selenite over a 60-fold increase by 5 days. The activity of a 
related non-selenocysteine containing flavoenzyme glutathione 
reductase was not increased by selenite. Selenite, but not the other Se 
containing compds. inhibited cell growth at concns . above 2 \xM. The 
results show that Se can produce large increases in cell 
thioredoxin reductase activity. 
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AB We have shown that cell cycle progression of human T-cell leukemia virus 
type I (HTLV-I ) -transformed T-cell lines was inhibited by 13 -cis-retinoic 
acid (13cRA) . In the present study, we report that 13cRA inhibited 
proliferation and induced cell death of peripheral blood 
mononuclear cells obtained from four patients with acute adult T-cell 
leukemia but not of mitogen- or interleukin 2 -activated peripheral blood 
mononuclear cells from HTLV-I-neg. healthy donors. Because 

HTLV-I -infected lymphocytes are susceptible to oxidative stress, we examined 
the role of the intracellular redox state in 13cRA-induced cell 
death using a HTLV-I-pos. T-cell line, ATL2,*as a model. The 13cRA 
induced apoptosis in ATL2 cells within 4 8 h in a dose-dependent manner. 
The ability of 13cRA to induce apoptosis was more potent than that of 
all-trans-retinoic acid. Apoptosis induction by 13cRA was significantly 
enhanced by buthionine sulfoximine (BSO) , which 
decreased the levels of intracellular reduced glutathione, 

although 13cRA by itself did not alter them, suggesting that intracellular 
reduced glutathione may modulate 13cRA-induced apoptosis. In 
addition, flow cytometric anal, revealed that 13cRA increased intracellular 
peroxides in 24 h and that the addition of BSO further enhanced them. 
Although N-acetylcysteine had only a marginal effect, 

pretreatment with catalase markedly inhibited 13cRA-induced apoptosis. 
These results suggest that peroxide generation, i.e., oxidative stress, 
may play a crucial role in the induction of apoptosis by 13cRA and further 
demonstrate that combined treatment with 13cRA and BSO induces apoptosis 
of HTLV-I-pos. lymphocytes even more potently. 
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AB During proliferative glomerulonephritis, the early phase of 

mesangiolysis is linked to increased nitric oxide (NO) production NO as well 
as superoxide (02-) are inflammatory mediators that are generated by 
mesangial cells (MC) after cytokine stimulation. Added individually, both 
radicals induce MC apoptosis. However, the coexistence of a defined 
NO/02- ratio is cross-protective. Apoptosis is characterized by specific 
features such as chromatin condensation, DNA strand breaks, and the 
occurrence of apoptotic regulating proteins. The tumor 

suppressor p53 and Bax (Bel -2 associated protein x) are considered to be 
classical death promoters, which accumulate after toxic insults. To study 
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p53 and Bax protein accumulation in NO and/or 02 --induced apoptosis, the 
authors used the NO-donor S-nitrosoglutathione (GSNO) and the 
redox cycler 2 , 3-dimethoxy-l , 4 -naphthoquinone (DMNQ) . Both 
agonists initiated DNA fragmentation in a concentration dependent manner 
associated 

with transient p53 and Bax up-regulation . Co-generation of N0/02- 
resulted not only in reduced DNA fragmentation, but also in decreased Bax 
accumulation. Comparable to the NO/02- co-generation, cytokines failed to 
induce apoptosis. In contrast, cytokines in combination with pyrrolidine 
dithiocarbamate/ which blocks endogenous superoxide dismutase, 
allowed p53 and Bax accumulation as well as DNA fragmentation. The 
results demonstrate p53 and Bax as early components in NO and 02--induced 
rat MC apoptosis and point to the NO/02- interaction as a naturally 
occurring cell defense mechanism. 
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Generation of angiostatin by reduction and proteolysis 
of plasmin. Catalysis by a plasmin reductase secreted 
by cultured cells 
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Extracellular manipulation of protein disulfide bonds_has-^een implied in 
diverse biol . processes, including penetration olp vTruses ^ hq endotoxin 
into cells and activation of certain cytokine recfeptolrs . We now 
demonstrate reduction of one or more disulfide bonds in the serine proteinase, 
plasmin, by a reductase secreted by Chinese hamster ovary or HT1080 cells. 
Reduction of plasmin disulfide bond(s) triggered proteolysis of the enzyme, 
generating fragments with the domain structure of the angiogenesis 
inhibitor, angiostatin. Two of the known reductases secreted by cultured 
cells are protein disulfide isomerase and thioredoxin, and 
incubation of plasmin with these purified reductases resulted in 
angiostatin fragments comparable with those generated from plasmin in cell 
culture. Thioredoxin-derived angiostatin inhibited 
proliferation of human dermal microvascular endothelial cells with 
half -maximal effect at approx. 0.2 jag/mL. Angiostatin made by cells 
and by purified reductases contained free sulfhydryl group (s), and 
S-carbamidomethylation of these thiol group (s) ablated biol. 
activity. Neither protein disulfide isomerase nor thioredoxin 
were the reductases used by cultured cells, because immunodeplet ion of 
conditioned medium of these proteins did not affect angiostatin generating 
activity. The plasmin reductase secreted by HT108 0 cells required a small 
cofactor for activity, and physiol. relevant concns . of reduced 
glutathione fulfilled this role. These results have consequences 
for plasmin activity and angiogenesis, particularly in the context of 
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tumor growth and metastasis. Moreover, this is the first 

demonstration of extracellular reduction of a protein disulfide bond, which 
has general implications for cell biol . 
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AB A method for stimulating endogenous production of cytokines and hemopoietic 
factors comprises topical or parenteral administration of an effective 
amount of oxidized glutathione, and/or a pharmaceutical^ 
acceptable salt and/or derivative thereof, for a period sufficient to 
stimulate the endogenous production to obtain a therapeutic effect. The 
oxidized glutathione and/or pharmaceutically acceptable salt 
and/or derivative is introduced along with an extender of their half life. 
The compds. of the invention may be used in the treatment of 
neoplasms, immune diseases, etc. 
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AB The effects of retinoic acid (RA) on the cell growth and expression of 
interleukin-2 (IL-2) receptor (IL-2Ra/p55, Tac, CD25) by the human T 
lymphotropic virus type I pos. (HTLV-I (+)) T cell lines, HUT102 and ATL-2 , 
were investigated. Incubation of these cells with RA resulted in marked 
growth inhibition and down -regulation of CD25 expression. Four clones of 
HUT102 cell lines were established by limiting dilution, and RA was shown to 
inhibit the growth and CD25 expression in three of these clones, but in 
the fourth. However, RA did not induce growth inhibition of the 
HTLV-I-neg. T cell lines, MOLT- 4 and Jurkat, and of normal lymphocytes 
that had been stimulated with phytohemagglutinin. We hypothesized that 
the sensitivity to retinoids depends on an imbalance in intracellular 
redox potential. To examine the effect of exogenous thiol 
compds. for the growth inhibition of HTLV-I (+) T cell lines induced by RA, 
these cell lines were cultured with several thiol compds. 
(ATL-derived factor, thioredoxin, L- cystine and 
glutathione (GSH) ) , following the addition of RA in thiol 
-free medium. Unexpectedly, thiol compds. alone, when added 
after RA, did not restore the growth inhibition of HTLV-I (+) T cell lines 
induced by RA. However, when those cells were pre incubated with 
thiol compds. for 24 h, no RA-induced growth inhibition was observed 
These findings suggest that intracellular reductive environments induced 
by thiol compds. are associated with resistance to RA of HTLV-I (+) 
T cells, and that thiol compds. may play an important role in 
HTLV-I (+) T cell proliferation. 
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Reactive oxygen species modulate the cell growth of a wide variety of 
mammalian cells. To determine whether oxidative metabolism is altered during 



SOURCE : 



PUBLISHER: 
DOCUMENT TYPE 
LANGUAGE : 
AB 



differentiation process, we studied the expression of pro- and antioxidant 

proteins in proliferating and differentiated CaCo-2 cells, a 

human colon adenocarcinoma cell line. Nitric oxide synthase 

type 2 {iNOS) produces nitric oxide (NO) . Depending on its rate of 

synthesis, NO may either promote cellular and DNA damage or reduce the 

ability of other free radicals to induce cell injury. Using Western and 

Northern blot anal, and arginine conversion assay, we demonstrate that the 

expression of iNOS decreases when cells undergo differentiation. This 

biol . event entails a diminished production of NO metabolites and correlates 

with the loss of activation of soluble guanylate cyclase activity. In 

differentiated cells, a 2-fold down-regulation of the nuclear factor kB 

activity was observed, suggesting that nuclear factor kB could be one of the 

iNOS gene regulatory factors in the CaCo-2 model. In parallel, we studied 

the expression of other antioxidant proteins including glutathione 

S-transferase a (GSTa) , bcl-2, and the metallothioneins (MTs) . 

We show that the protein levels of GSTa and MT increase during the 

differentiation of CaCo-2 cells, whereas bcl-2 levels decrease. Our 

investigation indicates that the expression of iNOS, GSTa, bcl-2, 

and MT is associated with the enterocytic differentiation. The shift in the 

expression of specific antioxidant genes during CaCo-2 cell 

differentiation may occur to avoid alterations in the cell redox 

potential. 
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Aziridinylbenzoquinones are a group of antitumor agents that 
elicit cytotoxicity by generating either alkylating intermediates or 
reactive oxygen species. The mechanism of toxicity may not always, 
however, involve profound damage of cellular constituents, but may involve 
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a cytostatic effect through interference with the cell cycle. In this 
context, the authors have examined the induction of the cell cycle inhibitor 
p21 (WAF1, CIP1, or sdil) , whose overexpression suppresses the growth of 
various tumor cells, in human tumor cells metabolizing 

3,6-diaziridinyl-l,4-benzoquinone (DZQ) and its C2 , C5-substituted derivs . : 
2,5-bis- (carboethoxyamino) (AZQ) and 2 , 5-bis- (2 -hydroxyethylamino) (BZQ) . 
Both DZQ and AZQ were effectively activated by HCT116 human colonic 
carcinoma cells; the activation of the former involved largely a 
dicoumarol -sensitive activity, whereas that of the latter appeared to be 
accomplished primarily by one-electron transfer reductases. BZQ was not a 
substrate for the dicoumarol -sensitive enzyme in HCT116 cells. Cellular 
activation of the first two quinones was associated with formation of 
oxygen- centered radicals as detected by EPR in conjunction with the spin 
trap 5, 5 ' -dimethyl -1 -pyrrol ine-N-oxide. The redo x transit ions 
of DZQ involved hydroxyl radical format iori~Tn3were strorigTy"~ffih~ibited by 
c cataiaser""wirer ea g - th ose "o^ J^Q-^shQw^d--ar--^brr?ng superoxide anion component 
sensitive to superoxide dismutase. These signals were suppressed by 
N-acetylcysteine with concomitant production of a thiyl 

radical adduct . This suggests an effective electron transfer between the 
thiol and free radicals formed during the activation of these 
quinones. DZQ and AZQ induced significantly the expression of p21 in 
HCT116 cells, but a 10-fold higher concentration of AZQ was required to achieve 
the level of induction elicited by DZQ. BZQ had little effect on p21 
expression. P21 induction at both mRNA and protein levels correlated with 
the inhibition of either eye 1 in -dependent kinase activity or cell 
proliferation. P21 induction elicited by the above quinones was 
inhibited by N-acetylcysteine, whereas the non-sulfur 
analog, N-acetylalanine, was without effect. Catalase and superoxide 
dismutase did not effect p21 induction by aziridinylbenzoquinones in 
HCT116 cells, thus suggesting that extracellular sources of oxygen 
radicals generated by plasma membrane reductases have no influence in the 
expression of this gene. Hydrogen peroxide, a product of quinone 
redox cycling, elicited an increase of p21 mRNA levels in HCT116 
and K562 human chronic myelogenous leukemia cells. The latter lacks p53 , 
one of the activators of p21 transcription, thus suggesting that p21 
expression can be accomplished in a p53 -independent manner in these cells. 
This study suggests that p21 induction is mediated by an increase in the 
cellular steady-state concentration of oxygen radicals and that the greater 
effectiveness in p21 induction by DZQ may be related to its efficient 
metabolism by NAD (P) H: quinone oxidoreductase activity in HCT116 cells. 
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a unique neurohormone that has many diverse functions in 
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addition to its well-known role in biol . timekeeping. One of these functions 

is its ability to inhibit the promotion of tumor growth in vivo 

and in vitro, particularly of breast cancer cells. However, 

virtually nothing is known with respect to potential signal transduction 

pathways that may mediate melatonin's oncostatic action at the cellular 

level. Since one mechanism of tumor promotion may involve a 

prooxidant state of cancer cells, the authors have examined the 

role of the intracellular redox state in melatonin's mechanism 

of action in MCF-7 human breast cancer cells in vitro. 

Specifically, the authors report new evidence for a novel signal 

transduction mechanism mediating melatonin's oncostatic action involving 

the endogenous antioxidant glutathione (GSH) and a free radical 

species and newly discovered intracellular messenger mol . , nitric oxide 

(NO) . When the synthesis of either GSH or NO is inhibited, melatonin no 

longer exerts its antiproliferative effect, suggesting that 

these mols. play a critical role in transmitting melatonin's oncostatic 

message within breast cancer cells. 
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AB Thioredoxin (Trx) is a widely distributed redox 

protein that regulates several intracellular redox-dependent 

processes and stimulates the proliferation of both normal and 

tumor cells. We have found that when stored in the absence of 

reducing agents, human recombinant Trx undergoes spontaneous oxidation, 

losing its ability to stimulate cell growth, but is still a substrate for 

NADPH- dependent reduction by human thioredoxin reductase. There is 

a slower spontaneous conversion of Trx to a homodimer that is not a 

substrate for reduction by thioredoxin reductase and that does not 

stimulate cell proliferation. Both conversions can be induced 

by chemical oxidants and are reversible by treatment with the thiol 

reducing agent dithiothreitol . SDS-PAGE suggests that Trx 

undergoes oxidation to monomeric form(s) preceding dimer formation. We have 

recently shown by X-ray crystallog. that Trx forms a dimer that is 

stabilized by an intermol. Cys73-Cys73 disulfide bond. A Cys73 -> 

Ser mutant Trx (C73S) was prepared to determine the role of Cys73 in oxidative 

stability and growth stimulation. C73S was as effective as Trx in 

stimulating cell growth and was a comparable substrate for 

thioredoxin reductase. C73S did not show spontaneous or 

oxidant -induced loss of activity and did not form a dimer. The results 

suggest that Trx can exist in monomeric forms, some of which are mediated 

by Cys73 that do not stimulate cell proliferation but can be 

reduced by thioredoxin reductase. Cys73 is also involved in 

formation of an enzymically inactive homodimer, which occurs on long term 
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storage or by chemical oxidation Thus, although clearly involved in protein 
inactivation, Cys73 is not necessary for the growth stimulating activity 
of Trx. 
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like selenite and selenate have strong inhibitory 
effects, particularly on mammalian tumor cell growth by unknown 
mechanisms. We found that the addition of sodium selenite and sodium 
selenate inhibited the growth of human 3B6 and BL41 lymphocytes. Selenite 
was more potent because 10 selenite produced a growth inhibitory 
effect similar to that of 250 \M selenate. The mechanism of action of 
selenite and selenate appears to be different. 3B6 and BL41 cells treated 
with selenite accumulated in the S-phase; however, selenate caused an 
accumulation of cells in G2 . Selenite-mediated growth inhibition was 
irreversible, although the effects of selenate could be reversed. 
Selenite, in contrast to selenate, is efficiently reduced by the 
thioredoxin system ( thioredoxin, thioredoxin 

reductase, and NADPH) . At concns . required to observe a similar effect on 

cell growth, the activity of thioredoxin reductase, recently 

shown to be a selenoprotein, increased in selenite-treated cells and 

decreased in selenate-treated cells. Ribonucleotide reductase activity 

was inhibited in an in vitro assay by selenite and 

selenodiglutathione but not by selenate. These results show that 

selenite and selenate use different mechanisms to inhibit cell growth. 
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Latent matrix metalloproteinases (MMPs) in normal myocardium are activated 
in end-stage heart failure. In vitro oxidized glutathione 
(GSSG) activates myocardial MMPs which contains a cysteine residue. In 
vivo GSSG induce the collagen lysis and cardiac dilatation. To assess 
whether thiol and non-thiol reducing agents have 
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direct effect on the interstitial human heart fibroblast (HHF) 
proliferation and MMP expression, HHF and polyoma virus 
transformed fibroblast cells were cultured with or without the 
thiol-containing reduced (GSH) or oxidized (GSSG) glutathiones 
, pyrrolidine dithiocarbamate (PDTC) and N-acetylcysteilne ( 
NAC) / and non-thiol ascorbic acid. After 100 M-g/mL 
(.apprx.0.3 mM) GSH or PDTC treatment the proliferative 
(synthetic) phenotype of transformed fibroblast cells was changed to 
quiescent (contractile) phenotype. Also, after GSH, PDTC, and ascorbic 
acid treatment the medium was then analyzed for MMP activity by zymog. 
The results indicate reduction in MMP expression in transformed fibroblast 
cells after GSH and PDTC treatments and no effect after ascorbic acid 
treatment. Based on reverse zymog., we observed the level of tissue 
inhibitor of metalloproteinase (TIMP) at a decreased level in transformed 
cells. The effect of the reducing agent at the gene transcription was 
measured by estimating mRNA (Northern blot anal.) of MMP and of TIMP in the 
cells that were cultured in medium in the presence and absence of GSH. 
These results indicate that GSH induces MMP-2 and MMP-1 expression in 
normal HHF and that GSH reduces MMP-2 and MMP-1 in transformed fibroblast 
cells. After the treatment, the TIMP-2 level was repressed in normal HHF 
and TIMP-2 level increased in transformed fibroblast cells. These events 
are dependent on the nuclear transcription factor activity on the 
collagenase promoter in normal HHF cells. On the other hand, in polyoma 
transform fibroblast cells these events are not dependent on this 
collagenase promoter. These results suggest that oxidative environment 
induces normal HHF cell proliferation, and the reducing agent 
decreases normal HHF cell proliferation by inducing MMP and 
repressing TIMP gene transcription. In transformed cells reducing agents 
inhibit MMP expression and increase TIMP levels, which suggests a role of 
antioxidants in preventing tumor igenesi s . 
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AB Chinese Hamster Ovary (CHO) cells cultured in vitro and isolated in 

logarithmic phase of growth reduced spin probes at a lower rates than 
cells isolated during plateau phase of growth. This phenomenon was observed 
for nitroxides located in cell membranes and those penetrating into the 
cells. Blocking of electron transport in mitochondria with inhibitors 
slowed down the bioredn., whereas uncoupling of mitochondrial 
phosphorylation increased the rate of this process. 
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and inflammatory diseases with dithiocarboxylates and 

dithiocarbamates which block VCAM-1 expression 
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AB Dithiocarboxylates, including dithiocarbamates, block the 

induced expression of the endothelial cell surface adhesion mol . VCAM-1, 
and are therefore useful in the treatment of cardiovascular disease, 
including atherosclerosis, as well as noncardiovascular inflammatory 
diseases that are mediated by VCAM-1. Identification of oxidized and 
unoxidized polyunsatd. fatty acids as direct mediators of VCAM-1 
expression is described. 
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AB Comparison of the protein expression patterns of proliferating 

normal primary human kerat inocytes plated in serum- free medium (SFKM) 
supplemented with epidermal growth factor (EGF) and bovine pituitary extract 

(BPE) , and similar cultures induced to differentiate by the addition of 
Dulbecco's modified Eagle medium (DMEM) , containing 10% fetal calf serum (FCS) 
revealed several known and unknown polypeptides that are abnormally 
regulated in the differentiated cells. Upregulated proteins included 
keratins (keratin 6, 10/11, 14 and 16), members of the S100 protein family 

(psoriasin, MRP8 , MRP14 and SlOOc) , actin-binding proteins (gelsolin and 
tropomyosin 9220), annexins (annexins IV and VIII), hsp28, the fatty acid 
binding protein 5 (FABP5) the squamous cell carcinoma (SCO 
antigen, members of the 14-3-3 family, involucrin, E-cadherin, cystatin A, 
desmoglein and integrins a2 and pi, as well as several proteins 
of as yet unknown identity. The highest upregulated proteins correspond 
to psoriasin (124.0 times), MRP8 (42.4 times), MRP14 (14.9 times), 
tropomyosin 9220 (11.5 times), involucrin (11.1 times), and FABP5 (9.1 
times). FABP5, hsp28, and tropomyosin 9220 were also highly upregulated 
in quiescent kerat inocytes indicating that their increased levels in the 
differentiated cells may be due to loss of proliferative 
activity. Highly downregulated proteins included PAI-2, tropomyosins 
9213, 9121 and 9122, keratin 5, calnexin, 14-3-3 beta and eta, nucleoside 
diphosphate kinase A, Rho GDIs, hsp60, hnRNPs H and C2, a-enolase, 
eIF-4D, thioredoxin, annexins III and V, moesin, nucleolar 
protein B23, GST n and PCNA/cyclin. Both the high expression of 
keratin 6 and 16, which are markers for an alternative pathway of 
keratinocyte differentiation, as well as the extremely high upregulation 
of some members of the S100 protein family indicate that the cells 
differentiated via an abnormal pathway. 
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AB High levels of expression of GSTP1-1 are associated with cell 

proliferation, embryogenesis and malignancy. Given the role of 

glutathione S-transf erase (GST) in detoxication, it is possible 

that GSTP1-1 evolved specifically to protect proliferating cells 

and share regulatory mechanisms with other cellular genes which are 

involved in cell division and tumorigenesis . We have previously 

shown that the expression of GSTP1 is suppressed by retinoic acid (RA) in 

the presence of the retinoic acid receptor (RAR) as a result of decreased 
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transcription from its promoter. Through deletion anal., we show here 
that the RA-RAR-dependent repression is mediated by the region -73 to +8. 
Further mutation anal, of this region indicates that the DNA sequence 
required for RA-RAR-dependent repression co- localizes with a consensus 
activator protein-1 (API) site essential for the promoter activity. The 
degree of repression correlates with the residual activity of the API 
site. There are two adjacent G/C boxes. The one immediately downstream 
from the API site is not essential for the promoter activity, but mutation 
of the second, further downstream, impairs the promoter. On the other 
hand, mutation of either of these two G/C boxes has little effect on 
RA-RAR suppression. We also show that the expression of GSTP1 is 
regulated by the redox status of the cell. Using the 

chloramphenicol acetyltransf erase assay system, we have demonstrated that 

treatment with H202 induced transcription from the promoter and that this 

effect can be blocked by pre -incubation with N- 

acetylcysteine (NAC) . It was shown that the induction 

by H202 is mediated by trans-acting factor NF-kB (nuclear factor 

kB) , via a putative NF-kB site, ■GGGACCCTCC , located from -96 

to -86. Co-transf ection with an NF-kB (p65) expression construct 

increased the promoter activity, an effect which could be blocked by 

co-transf ection with an IkB (MAD-3) expression construct. Deletion 

of the NF-kB site abolished the effect of both H202 and 

co-transf ection of NF-kB. Interestingly, NAC is also an 

inducer for GSTP1. The effect of NAC was shown to be mediated 

largely by the API site, since mutation of this site abolished the 

induction by NAC. 
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AB A review with 27 refs. Studies with antioxidants (NAC or BHA) 

revealed that NF-kB is involved in HIV virus replication in monocyte 
cell lines. In vivo results suggest that one of the limitations of 
antioxidant therapy might be that tissue macrophages multiply the virus 
actively. Also, BHA or NAC concns . able to partially inhibit 
HIV replication in latently infected mononuclear cells are deleterious to 
the immune system, as shown by the inhibition of interleukin-2- induced 
proliferation of human mononuclear cells and of inhibition of 
tumor necrosis factor secretion by monocytic cells. 
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AB Hyperplastic nodular cirrhosis was induced in rats by long-term (6 mo) 

i.p. administration of thioacetamide at doses of 2.66 mmol/kg body weight, 
three times per wk. The survival rate of animals at the end of the 
treatment was 90%. To follow the temporal changes samples at 0, 7, 15, 
30, 45, 60, 90, 150 and 180 days from rats during thioacetamide 
intoxication and from chronol . controls were obtained. The cirrhogenic 
ability of this treatment was assessed on the basis of morphol . changes: 
the development of macronodular cirrhosis and the appearance of fibrous 
septa of collagen through portal spaces. Parameters of liver injury and 
cholestasis were obtained by assaying the serum activities of isocitrate 
dehydrogenase and y-glutamyl trans f erase . Enzymes and metabolites 
related to glutathione redox systems, as well as other 
antioxidant enzymes, were tested. Catalase and glutathione 
peroxidase, the two enzymes involved in the elimination of peroxides, and 
glutathione reductase decreased significantly at the end of the 6 
mo of intoxication, while Cu-Zn and Mn superoxide dismutases increased 
progressively during the long-term thioacetamide treatment. Protein 
thiol levels profile showed a biphasic change increasing from the 
7th day and were insensitive to the 30% depletion of intracellular 
glutathione (GSH) . To study the relation of the intracellular 
thiols on the mechanisms of cell proliferation and 

differentiation during the cirrhogenic process, DNA content was assayed by 
flow cytometry in isolated hepatocytes, and DNA ploidy and distribution 
between G0-G1, S and G2 + M phases were determined Remarkable changes in 
relation to a sharp increase in diploid population from 7 to 180 days 
(24.5% -» 85.5%), a pronounced decrease in polyploid populations 
(tetraploid + octoploid) in the same period (73.7% -> 12.3%), and 
elevations in the populations in S phase (SI + S2) were observed in 
thioacetamide-treated rats. The results obtained indicate that 
hepatocytes isolated from thioacetamide-treated rats showed a marked 
tendency to diploidy, an enhancement in DNA replication parallel to the 
hepatic content of protein sulfhydryl groups and a significant decline in 
antioxidant enzyme activities. The increase in protein thiols 
was independent of GSH level and of the thiol redox 
state . 
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AB We investigated the intracellular glutathione redox 

status in isolated lymphocyte subpopulat ions and monocytes in patients 
with human immunodeficiency virus type 1 (HIV-1) infection and healthy 
controls. CD4+ lymphocytes from HIV-l-inf ected patients were primarily 
characterized by a substantial increase in oxidized glutathione 
levels and a considerable decrease in the ratio of reduced to total 
glutathione, in most cases below 0.5 in patients with symptomatic 
HIV-1 infection, rather than decreased levels of reduced 
glutathione. The increase in oxidized glutathione was 

strongly correlated with low nos . of CD4+ lymphocytes in peripheral blood 
and impaired stimulated interleukin-2 production and proliferation 
in peripheral blood mononuclear cells, which is compatible with an 
immunopathogenic role for these redox disturbances. The 

HIV-l-inf ected patients with the most advanced clin. and immunol . disease 

were also characterized by an increase in levels of reduced 

glutathione in monocytes, suggesting that the glutathione 

redox cycle may be differentially regulated in CD4+ lymphocytes 

and monocytes. We could not confirm previous reports suggesting cysteine 

deficiency as a major cause of disturbed glutathione homeostasis 

during HIV-1 infection. The demonstrated glutathione 

abnormalities were correlated with raised serum levels of tumor 

necrosis factor a. These findings suggest that a therapeutical 

approach, which can restore the glutathione redox 

dysbalance in CD4+ lymphocytes and decrease the inflammatory stress, may 
be worthwhile exploring in HIV-1 infection. 
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AB In this study, a B cell growth stimulatory factor, constitut ively secreted 
by a human CD4+ T cell hybridoma clone, MP6, has been purified and 
characterized. Serum- free 24 h culture media from MP6 cells were 
collected, concentrated by ultrafiltration and separated by gel chromatog. 
Fractions were analyzed for stimulatory activity using [3H] thymidine 
incorporation in normal and leukemic (B-CLL) B cells as target cells. 
Activity was present in a 12 kDa protein peak. Upon storage this lost 
activity indicating that the factor was sensitive to air oxidation, a 
well-known property of mammalian thioredoxins (Trxs) . Treatment 
of the inactive fraction with dithiothreitol restored full 
activity. When culture medium was analyzed with a RIA for human placenta 
Trx, the MP6 clone was shown to release 30-50 ng/mL per million cells 
during 24 h. The B cell stimulatory activity of the MP6 medium was 
removed by Sepharose -bound ant i -human placenta Trx IgG and activity was 
recovered by elution from the antibodies. Furthermore, MP6 medium showed 
Trx activity with NADPH and Trx reductase using an insulin disulfide reduction 
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assay. Starting from 5 L of serum-free MP6 conditioned medium, Trx was 
purified .apprx. 100, 000-fold. After gel electrophoresis banding, the 
material was analyzed by peptide sequencing and a full length sequence of 
an 104 amino acid long protein was obtained. This Trx sequence was 
identical to the previously published sequence of human Trx from HTLV-I 
transformed T cells, adult T cell leukemia -derived factor/Trx. A minor 
fraction (.apprx.30%) of the purified Trx showed alternative amino acids 
at eight positions; the relevance of which is discussed. MP6-derived Trx 
showed prominent growth stimulatory activity, measured as [3H] thymidine 
incorporation, and synergy was detected, particularly with IL-2, but also 
with IL-lp, IL-4, IL-6, tumor necrosis factor-a, 
IFN-Y/ low mol . weight B cell growth factor and antiCD40 mAbs. 
Interestingly, the promoter for the trx gene was recently reported to 
contain several sequence, motifs compatible with regulated inducible 
transcription, especially by cytokines. Together with the authors' previous 
results showing a cytokine/mitogen inducible autocrine secretion of Trx 
from B cells, the findings point to a crucial role for extracellular Trx 
in redox- control led mechanisms of the B lymphocyte activation 
cascade. 
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AB A review and discussion with many refs. which summarizes the bioassay data 
and analyzes information related to possible mechanisms for the 
tumorigenicity of hydroquinone (HQ) . HQ produced renal adenomas 
in male F344 rats, and these tumors appeared to arise from areas 
of spontaneous progressive nephropathy; the nephropathy itself has been 
found to be enhanced by HQ. Other neoplasms were not confirmed 
to be causally related to HQ among the reported bioassays. In the male 
F344 rat, HQ administered alone was not DNA-reactive . HQ produced 
enhanced proliferation of renal tubular epithelium, presumably 
through toxicity involving glutathione conjugate formation. In 
the kidney, bone marrow, and other tissues, HQ may induce toxicity by 
redox cycling and lipid peroxidn. In bone marrow, HQ may produce 
microtubulin dysfunction, which is a plausible explanation for pos . 
cytogenetic tests, the only consistently pos. genotoxicity effect reported 
for HQ. Although HQ is a metabolic product of benzene, several lines of 
evidence suggest that the effects of HQ exposure are significantly 
different from those of benzene. Based upon the plausible mechanisms by 
which HQ may produce kidney tumors in male rats, the authors 
have concluded that occupational exposure levels of HQ are not predicted 
to be a cancer risk for humans. 
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AB The authors used BHA, a phenolic, lipid-soluble, chain-breaking antioxidant 
to show that peroxyl radical scavenging blocks NF-kB activation and 
HIV1 enhancer activity in PMA- or TNF-stimulated lymphoblastoid T (J.Jhan) 
and monocytic (U937) cells lines. The anti-oxidative effect of BHA was 
accompanied by an increase in thiol, but not glutathione 

, content in stimulated and unstimulated T cells, whereas TNF stimulation 

itself barely modified the cellular thiol level. Oxidative 

stress obtained by the addition of H202 to the culture medium of J.Jhan or 

U937 cells could not by itself induce NF-kB activation. These 

observations suggest that TNF and PMA do not lead to NF-kB 

activation through induction of changes in the cell redox 

status. Rather, TNF and PMA can exert a full activation effect only if 

cells are in a basal redox equilibrium tending towards oxidation since 

prior modification towards reduction by BHA treatment prevents their 

activation effects. The effects of BHA or NAC, a known 

glutathione precursor, were investigated also on the regulation of 

HIV1 expression in latently infected Ul cells and in the productively and 

chronically infected U937 cells. Both antioxidants inhibited TNF- or 

PMA-induced NF-kB activity in Ul cells in parallel with a partial 

decrease in induction of HIV replication. Both prevented the sustained 

NF-kB activity permanently induced by the virus in HIV chronically 

infected U937 but intriguingly did not modify HIV replication. This may 

be a limitation to potential antiviral effects of antioxidant therapies. 

Another limitation may be that antiviral (at least partially) concns . of 

NAC or BHA inhibited IL2- induced human PBMC proliferation 

and also secretion of TNF in PMA-st imulated U937 cells. 
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Abnormal redox regulation in HIV infection 
and other immunodeficiency diseases 
Droge, W.; Eck, H. P.; Mihm, S.; Gaiter, D. 
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Heidelberg, D-6900, Germany 

Oxid. Stress, Cell Act. Viral Infect. (1994) 
, 285-99 
CODEN: 60KKAM 

Conference; General Review 
English 

A review with 66 ref s . HIV-infected persons at all stages of the disease 
have on the average markedly decreased plasma cystine and cysteine concns., 
decreased intracellular glutathione and elevated plasma 

glutamate levels. Elevated extracellular glutamate levels aggravate the 
cysteine deficiency since glutamate inhibits competitively the membrane 
transport of cystine. Lymphocyte functions in vitro are augmented even by 
moderate elevations of extracellular cysteine and inhibited by elevation 
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of the extracellular glutamate concns . A significant correlation between 
individual CD4+ T cell nos . and individual cystine and glutamate levels 
has also been found in a cohort of HIV-infected persons, in healthy human 
blood donors, and in chimpanzees. CD8+ T cells showed no significant 
correlation. A rapid and significant decrease of plasma cysteine levels 
and increase of plasma glutamate was also found in rhesus macaques 2 wk 
after infection with the closely related SIVmac, but not in HIV-infected 
chimpanzees or SIVagm-inf ected African green monkeys. (The latter two 
species do not develop AIDS-like symptoms.). Elevated plasma glutamate 
levels were found to be neg. correlated with lymphocyte functions also in 
cancer patients. In view of the decreased levels of the bona fide 
antioxidants cysteine and glutathione one may expect to find 
manifestations of oxidative damage. Indeed, elevated levels of 
malondialdehyde have been demonstrated, but the contribution of oxidative 
damage to the immunopathol . of HIV infection remains to be determined A 
cysteine deficiency is also expected to compromise certain 
glutathione-dependent immunol . functions, such as IL-2 dependent 
proliferation and activation of cytotoxic T cells. The activation 
of the transcription factor NFkB which controls the inducible 
transcription of several immunol. relevant genes, in contrast, was found 
to be neg. correlated with the extracellular cysteine supply. This 
indicates that the overact ivat ion of several immunol. functions in the 
early stages of the disease, including the overexpression of an 
interleukin-2 receptor a-chain cleavage product, TNFa and 
p2 -microglobulin may also be the consequence of the HIV- induced 
cysteine deficiency. The replication of HIV-1, i.e. another gene under 
control of NFkB binding sites, was shown to be inhibited by cysteine 
or N-acetyl -cysteine (NAC) - In view of the established cysteine 
and glutathione deficiency in HIV-infected persons, the authors 
have proposed to consider N-acetyl -cysteine for the treatment of these 
patients. NAC is a well established and safe drug with well 
documented toxicol . and pharmacokinetics. 
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Wickremasinghe, R. Gitendra 
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CODEN: LEREDD; ISSN: 0145-2126 
DOCUMENT TYPE: Journal 
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AB B-chronic lymphocytic leukemia (B-CLL) and hairy cell leukemia cells (HCL) 
are refractory to stimulation by several cytokines which activate normal 
B-cells. However, tumor necrosis factor (TNF) promotes the 
proliferation of these cells. TNF regulates some of its cellular 
responses via the transcription factor NF-kB. Using an 

electrophoretic mobility shift assay, we demonstrate that TNF treatment of 
B-CLL and HCL cells in vitro resulted in the augmentation of NF-kB 
levels. In hemopoietic cell lines, TNF induction of NF-kB is 
mediated via the generation of reactive oxygen intermediates and by the 
activation of protein kinase C (PKC) . We have used activators and 
inhibitors of these pathways to unravel TNF signalling in the cells of ten 
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patients with B-CLL and two with HCL, using the increase in NF-kB 
levels following TNF treatment as an end point. Raising 
glutathione levels with N-acetyl cysteine substantially reduced 
NF-kB induction by TNF in two of four samples, as did treatment of 
cells with the antioxidant butylated-hydroxytoluene in all three samples 
tested. These data suggest that redox mechanisms are involved 
in TNF signalling in these cells. Treatment with the PKC activator 
phorbol myristate acetate failed to activate NF-kB suggesting that 
this enzyme does not mediate the induction of NF-kB in these cells. 
However, the protein kinase inhibitor staurosporine inhibited TNF 
induction of NF-kB in four of five samples, suggesting that 
staurosporine-sensitive protein kinases (other than PKC) are involved in 
the signalling pathway. Our results suggest that PKC- independent 
pathways, including pathways sensitive to redox reagents, 
mediate the induction of NF-kB by TNF in chronic B-leukemia cells. 
Addnl . , these data suggest that defects in PKC-mediated pathways may 
contribute to the general reluctance of B-CLL and HCL cells to respond to 
mitogenic signals. 
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AB A review with 88 ref s . Excessive production of reactive oxygen species (ROS) 
is a recognized cause of cell injury. In contrast to such well recognized 
cell injury, oxidative stress plays a role in cell proliferation 
, differentiation and tumor promotion. This review examines the 
role of oxidative stress in initiating and promoting the establishment of 
normal or abnormal neuronal patterns and subsequent neurogenesis within 
the central and peripheral nervous system. In particular, the role of 
apoptosis in both normal and abnormal neuronal development and maturation 
will be examined with special reference to the induction of apoptotic cell 

death 

following abusive ligand- induced ion movements. The interaction of 

oxidant stress and immediate-early response gene activation is discussed 

with further reference to the induction of apoptosis. While glutamate receptor 

activation appears mandatory for coordinate maturation and neuritogenesis , 

such neuronal survival and differentiation is intimately dependent upon 

the intracellular glutathione redox potential, 

maintained by cystine uptake. Selected examples of reactive oxygen 
species induced injury pertaining to developmental neurotoxicol . are 
presented and include starvation, irradiation injury and glutamate 
excitotoxicity . 
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Sundqvist, Kristina; Atzori, Luigi; Nielsen, Inge; 
Curren, Rodger D.; Harris, Curtis C. 
CORPORATE SOURCE: Inst - Environ. Med., Karolinska Inst., Stockholm, 

S-171 77, Swed. 

SOURCE: Carcinogenesis (1994), 15(5), 985-90 

CODEN: CRNGDP; ISSN: 0143-3334 
DOCUMENT TYPE: Journal 
LANGUAGE : Engl i sh 

AB The ability of acetaldehyde, a respiratory carcinogen present in 
tobacco smoke and automotive emissions, to affect cell viability, 
thiol status and intracellular Ca2+ levels and to cause DNA damage 
and mutations has been studied using cultured human cells. Within a 
concentration range of 3-100 tnM, alh exposure to acetaldehyde decreases 

colony 

survival and inhibits uptake of the vital dye neutral red in bronchial 
epithelial cells. Acetaldehyde also causes both DNA interstrand 
cross-links and DNA protein cross-links whereas no DNA single strand 
breaks are detected. The cellular content of glutathione is 
also decreased by acetaldehyde, albeit, without concomitant changes in the 
glutathione redox status or in the content of protein 
thiols. Transient or sustained increases in cytosolic Ca2+ occur 
within minutes following exposure of cells to acetaldehyde. Moreover, 
acetaldehyde significantly decreases the activity of the DNA repair enzyme 
06-methylguanine-DNA methyl trans f erase . Finally, a 5 h exposure to 
acetaldehyde causes significant levels of 6-thioguanine resistance 
mutations in an established mutagenesis model involving skin fibroblasts. 
The results indicate that mM concns . of acetaldehyde cause a wide range of 
cytopathic effects associated with multistep carcinogenesis. The 
fact that acetaldehyde, in relation to its cytotoxicity, causes 
comparatively higher genotoxicity and inhibits DNA repair more readily 
than other major aldehydes in tobacco smoke and automotive emissions is 
discussed. 
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CODEN: ECYNEJ; ISSN: 1148-5493 
Journal 
English 

The effect of buthionine sulfoximine (BSO) , an 
inhibitor of glutathione biosynthesis, in combined use with a 
nitrosourea derivative, ACNU, on the cytostatic effect of recombinant human 
lymphotoxin (rhLT) was studied in vitro. The simultaneous addition of 0.02 
mM or 0.5 mM BSO and rhLT slightly augmented the inhibition of Meth A 
tumor cell proliferation. A similar tendency was observed 
when the target cells were treated with 0.02 mM or 0.5 mM BSO for 24 h 
prior to the addition of rhLT. A marked augmentation of the 
antiproliferative effect was obtained when the target cells were 
treated in vitro with 0.005 mM or 0 . 02 mM BSO prior to the addition of 0.02 
mM or 0.1 mM BSO and rhLT. The addition of ACNU simultaneously with rhLT to 
BSO-treated cells also augmented the antiproliferative effect. 
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These results suggest that the glutathione redox cycle 

is closely related to the mechanism of LT-induced cytotoxicity. 
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Red cell regulation of tumor necrosis 
factor- induced human neutrophil cytostatic activity 
Shau , Hungy i 

Sch. Med., UCLA, Los Angeles, CA, 90024-1782, USA 
Cancer Communications (1991), 3(9), 283-6 
CODEN: CNCMET; ISSN: 0955-3541 
Journal 
English 

Tumor necrosis factor (TNF) activates polymorphonuclear 
neutrophils (PMN) to suppress tumor cell proliferation 

This cytostatic activity could be blocked by the addition of red blood 
cells (RBC) into the assay. TNF-induced PMN cytostatic activity was 
mediated by hydrogen peroxide. RBC have two major pathways to detoxify 
H202, one by catalase and the other by the glutathione 
redox cycle. Therefore, the catalase inhibitor 
3-amino-l / 2,4-triazole (AT) and the glutathione inhibitor 

N-ethylmaleimide (NE) were used to assess the role of each anti-oxidant in 
protecting the tumor target cells. RBC, depleted of catalase by 
AT, no longer protected Ra j i tumor cells from PMN cytostatic 
activity. However, depletion of reduced glutathione by NE had 
no effect on RBC protection of tumor target cells. Thus, RBC 
can. protect tumor cells from cytostatic activity mediated by 
TNF-activated PMN, and the protection is a function of catalase, but not 
glutathione. 
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Augmented antiproliferative effect in 
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Mashiba, Harukazu; Matsunaga, Keiko; Kakutani, Tetsu 
Div. Immunol., Natl. Kyushu Cancer Cent., Fukuoka, 
815, Japan 

International Journal of Immunopharmacology ( 
1991) , 13 (4) , 333-8 
CODEN: IJIMDS; ISSN: 0192-0561 
Journal 
English 

The cytotoxic or cytostatic effect of the combined use of human 
lymphotoxin (LT) with 1- (4-amino-2-methyl-5-pyrimidinyl)methyl-3- (2- 
chloroethyl) -3-nitrosourea-HCl (ACNU) on L cells or Meth A tumor 
cells was studied. Simultaneous addition of LT derived from a human lymphoid 
cell line with ACNU (200 or 500 ng/mL) significantly augmented the 
cytotoxic effect. Similar augmented inhibition was obtained when LT was 
added to ACNU-treated L cells. The pretreatment of Meth A tumor 
cells with ACNU (25 or 50 |xg/mL) augmented recombinant human 
LT-mediated cytostasis. However, the addition of glutathione (1.0 
mg/mL) to ACNU-treated Meth A tumor cells significantly 
nullified the augmented antiproliferative effect of LT (10 
U/mL) . These results suggest that augmentation of the 
antiproliferative effect on tumor cells could be induced 
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through the combined use of LT with ACNU by lowering the intracellular 
level of glutathione. 
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AB Glutathione depletion to .simeq.5% of control for 48 h or longer 
by 0.05 mM L-buthionine sulfoximine (BSO) led to 
appreciable toxicity for the 66 murine mammary carcinoma cells 
growing in vitro [L. A. Dethlefsen et al . , 1986] . Such toxicity in 
normal, proliferating cells in vivo would be undesirable. Thus 
the toxic effects after acute GSH depletion to .simeq.5% of control by BSO 
plus dimethylfumarate (DMF) were evaluated in these same 66 cells to determine 
if this ant i -proliferative effect could be minimized. Two hours 
of 0.025 mM DMF reduced GSH to 45% of control, while 6 h of 0.05 mM BSO 
reduced it to 16%. However, BSO (6 h) plus DMF (2 h) and BSO (24 h) plus 
DMF (2 h) reduced GSH to 4 and 2%, resp. The incorporation (15-min 
pulses) of radioactive precursors into protein and RNA were unaffected by 
these treatment protocols. In contrast, cell growth was only modestly 
affected, but the incorporation of [3H] thymidine into DNA was reduced to 
64% of control by the BSO (24 h) plus DMF (2 h) protocol even though it 
was unaffected by the BSO (6 h) plus DMF (2 h) treatment. However, the 
aerobic radiation response, as measured by cell survival, was not modified 
at doses of either 4.0 or 8.0 Gy. The growth rates of treated cultures, 
after drug removal, quickly returned to control rates and the resynthesis 
of GSH in cells from both protocols was also rapid. The GSH levels after 
either protocol were slightly above control by 12 h after drug removal, 
dramatically over control ( . simeq. 200%) by 24 h, and back to normal by 48 
h. Thus even a relatively short treatment with BSO and DMF resulting in a 
GSH depletion to 2-5% of control had a marked effect on DNA synthesis and 
plating efficiency and a modest effect on cellular growth. Presumably the 
antiproliferative effects are due to a depletion of nuclear GSH 
with the subsequent inhibition of the GSH/glutaredoxin-mediated 
conversion of ribonucleotides to deoxyribonucleotides . However, even 
after extended treatment, upon drug removal, GSH was rapidly resynthesized 
and cellular DNA synthesis and growth quickly resumed. 
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Mechanistic studies on a novel, highly potent 
gold-phosphole inhibitor of human glutathione 
reductase. 
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Karin; Reau Regis; Herold-Mende Chris tel; Koncarevic Sasa; 
Meyer Markus; Davioud-Charvet Elisabeth; Ballou David P; 
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Entered Medline: 20050815 
AB The homodimeric flavoprotein glutathione reductase (GR) is a 

central player of cellular redox metabolism, connecting NADPH to 
the large pool of redox-active thiols. In this work, 

the inhibition of human GR by a novel gold-phosphole inhibitor (GoPI) has 
been studied in vitro. Two modes of inhibition are observed, reversible 
inhibition that is competitive with GSSG followed by irreversible 
inhibition. When approximately 1 nm GoPI is incubated with NADPH-reduced 
GR (1.4 nm) the enzyme becomes 50% inhibited. This appears to be the most 
potent stable inhibitor of human GR to date. Analyzing the monophasic 
oxidative half -reaction of reduced GR with GSSG at pH 6.9 revealed a 
K(d)((app)) for GSSG of 63 microm, and a k((obs)max) of 106 s(-l) at 4 
degrees C. The reversible inhibition by the gold-phosphole complex 
[{l-phenyl-2, 5-di (2-pyridyl)phosphole}AuCl] involves formation of a 
complex at the GSSG-binding site of GR (K(d) = 0.46 microm) followed by 
nucleophilic attack of an active site cysteine residue that leads to 
covalent modification and complete inactivation of the enzyme. Data from 
titration spectra, molecular modeling, stopped-f low, and steady-state 
kinetics support this theory. In addition, covalent binding of the 
inhibitor to human GR was demonstrated by mass spectrometry. The 
extraordinary properties of the compound and its derivatives might be 
exploited for cell biological studies or medical applications, e.g. as an 
anti- tumor or antiparasitic drug. Preliminary experiments with 
glioblastoma cells cultured in vitro indicate an anti- 
proliferative effect of the inhibitor in the lower micromolar 
range . 
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Reactive oxygen species (ROS) and ROS signaling have been implicated in a 
variety of human pathophysiological conditions that involve aberrant 
cellular proliferation, particularly cancer. We 
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hypothesize that intracellular redox state differentially 

affects cell-cycle progression in nonmalignant versus malignant cells. 

The thiol antioxidant, N-acetyl-L-cysteine (NAC) , was 

used to alter intracellular redox state in nonmalignant human 

breast epithelial (MCF-10A) and breast cancer cells (MCF-7 and 

MDA-MB-231) . Treatment of cells with NAC resulted in 

significant augmentation of intracellular small -molecular-weight 

thiols / glutathione and cysteine. In addition, 

NAC treatment decreased oxidation of a prooxidant -sensitive dye in 

MCF-10A cells, but not in MDA-MB-231 and MCF-7 cells. NAC 

-induced shifts in intracellular redox state toward a more 

reducing environment caused G(l) delays in MCF-10A cells without causing 

any significant changes in MCF-7 and MDA-MB-231 cell -cycle progression. 

NAC treatment of MCF-10A (but not MCF-7 and MDA-MB-231) was 

accompanied by a decrease in cyclin Dl and an increase in p27 protein 

levels, which correlated with increased retinoblastoma protein 

hypophosphorylation. These results show differential redox 

control of progression from G(l) to S in nonmalignant versus malignant 

cells and support the hypothesis that loss of a redox control of 

the cell cycle could contribute to aberrant proliferation seen 

in cancer cells. 
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The "Third International Conference on Mechanisms of Action of 
Nutraceuticals" (ICMAN 3) was held to. bring investigators from around the 
world together to find answers and share experience relevant to the role 
of nutraceuticals in health and disease. Dietary supplements are 
currently receiving recognition as being beneficial in coronary heart 
disease, cancer, osteoporosis and other chronic and degenerative 
diseases such as diabetes, Parkinson's and Alzheimer's diseases. This 
gave impetus to investigate the mechanisms of action of nutraceuticals and 
related bioactive compounds in disease pathologies. Many lines of 
evidence indicate that the mechanistic actions of natural compounds 
involve a wide array of biological processes, including activation of 
antioxidant defenses, signal transduction pathways, cell 
survival -associated gene expression, cell proliferation and 
differentiation and preservation of mitochondrial integrity. Furthermore, 
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many of these compounds exert ant i- inflammatory actions through inhibition 
of oxidative stress -induced transcription factors (e.g., NF-kB, 
AP-1) , cytotoxic cytokines and cyclooxygenase-2 . It appears that these 
properties play a crucial role in the protection against the pathologies 
of numerous age-related or chronic diseases. This review summarizes the 
latest research finding in functional foods and micronutrients in the 
promotion of health and reduction of risk for major chronic diseases as 
presented in this symposium. .COPYRGT. 2005 Elsevier Inc. All rights 
reserved. 
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AB Previous research shows that stimulation of proliferation of 

colon carcinoma (Caco-2) cells by a more reduced extracellular 

cysteine/cystine (Cys/CySS) redox state occurs with no apparent 

effect on intracellular glutathione and that this stimulation is 

lost on addition of epidermal growth factor. The purpose of the present 

study was to determine whether a more reduced extracellular Cys/CySS 

redox state activates the mitogenic p44/p42 mitogen-activated 

protein kinase (MAPK) pathway and whether this is signaled through the 

epidermal growth factor receptor (EGFR) . Caco-2 cells were exposed to a 

range of physiological extracellular redox conditions from -150 

to 0 mV. In the absence of added growth factors, the most reduced (-150 

mV) redox state induced an 8 0% increase in EGFR phosphorylation, 

and this was followed by a marked increase in phosphorylation of p44/p42 

MAPK. Inhibitors of EGFR (AG1478) and p44/p42 MAPK (U0126) 

phosphorylation blocked redox- dependent p44/p42 phosphorylation, 

indicating that signaling occurred by EGFR. These effects were inhibited 

by pretreatment with a nonpermeant alkylating agent, showing that 

signaling involved thiols accessible to the extracellular space. 

The EGFR ligand TGF-alpha was increased in culture medium at more reduced 

redox states. Redox- dependent phosphorylation of EGFR 

was completely prevented by a metalloproteinase inhibitor (GM6001) , and an 
antibody to TGF-alpha partially inhibited the phosphorylation of p44/p42 
MAPK by redox. Thus the data show that a redox 

-dependent activation of metalloproteinase can stimulate the mitogenic 
p44/p42 MAPK pathway by a TGF-alpha -dependent mechanism. Because Cys 
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availability and Cys/CySS redox are dependent on nutrition, 
disease, and environmental exposures, the results suggest that cell 
proliferation could be influenced physiologically by Cys-dependent 
redox effects on growth factor signaling pathways. 
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AB Thioredoxin reductase (TRX) is a selenoprotein that reduces 

oxidized protein substrates in an NADPH-dependent process (cf. Fig. 1). 
The thioredoxins (TX) are a family of small redox 

active proteins that undergo reversible oxidation/reduction and help to 

maintain the redox state of cells. TX serves as a cof actor in 

many TRX-catalyzed reductions in a manner similar to glutathione 

(GSH) in thioltransf erase reactions. For example, TX is a 

cofactor in protein disulfide reduction and DNA synthesis, but 

independently, it inhibits apoptosis, stimulates cell 

proliferation and angiogenesis , and increases transcription factor 

activity. The role of the TRX/TX system is limited by its reducing 

capacity as well as the additional supply of electrons in the form of 

NADPH provided by hexose monophosphate shunt (HMPS) . TX is limited by the 

reduction capacity of its vicinal sulfhydryls and needs a source of 

electrons from the HMPS and TRX- coupled system to reduce disulfides. 

Oxidized TX is reduced by TRX and NADPH. Several lines of evidence 

suggest that the coupled HMPS/TRX/TX system represents an important target 

for cancer therapy. TX overexpression has been reported in 

several malignancies and may be associated with aggressive tumor 

growth and poor survival. In some cells, TX is an important factor in 

conferring resistance to chemotherapy and in stimulating production of 

hypoxia- inducible factor (HIF-1) . Several inhibitors of the TRX/TX system 

have been evaluated in experimental cancer models: these include 

HMPS inhibitors, carbohydrate analogues, NADP synthesis blockers, vicinal 

thiol reactants, cisplatin, and TRX inhibitors. More recently, 

the targeted ant i -cancer agent motexafin gadolinium has been 

identified. Motexafin gadolinium is a redox mediator that 

selectively localizes to cancer cells, and reacts with reducing 

metabolites and vicinal thiols to generate reactive oxygen 

species that ultimately block the TRX enzyme as well as the analogous 

glutaredoxin activity. In cell and animal models, motexafin 

gadolinium is directly cytotoxic to various tumor cells and 
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enhances the activity of radiation therapy and chemotherapy. This drug is 
now in a broad range of clinical trials investigating its therapeutic 
potential when used as a single agent or in combination with either 
chemotherapy or radiation therapy. Promising clinical activity has been 
reported in a clinical trial with motexafin gadolinium and whole brain 
radiation therapy for treatment of brain metastases from solid 
tumors. These findings suggest that the TRX/TX system may 
represent an attractive target for development of new cancer 
therapeutics . 
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AB Previous research shows that stimulation of proliferation of 

colon carcinoma (Caco-2) cells by a more reduced extracellular 
cysteine/cystine (Cys/CySS) redox state occurs with no apparent 
effect on intracellular glutathione and that this stimulation is 
lost on addition of epidermal growth factor. The purpose of the present 
study was to determine whether a more reduced extracellular Cys/CySS 
redox state activates the mitogenic p44/p42 mitogen-act ivated 
protein kinase (MAPK) pathway and whether this is signaled through the 
epidermal growth factor receptor (EGFR) . Caco-2 cells were exposed to a 
range of physiological extracellular redox conditions from -150 
to 0 mV. In the absence of added growth factors, the most reduced (-150 
mV) redox state induced an 80% increase in EGFR phosphorylation, 
and this was followed by a marked increase in phosphorylation of p44/p42 
MAPK. Inhibitors of EGFR (AG1478) and p44/p42 MAPK (U0126) 
phosphorylation blocked redox-dependent p44/p42 phosphorylation, 
indicating that signaling occurred by EGFR. These effects were inhibited 
by pretreatment with a nonpermeant alkylating agent, showing that 
signaling involved thiols accessible to the extracellular space. 
The EGFR ligand TGF-a was increased in culture medium at more 
reduced redox states. Redox-dependent phosphorylation 
of EGFR was completely prevented by a metal loproteinase inhibitor 
(GM6001) , and an antibody to TGF-a partially inhibited the 
phosphorylation of p44/p42 MAPK by redox. Thus the data show 
that a redox-dependent activation of metalloproteinase can 
stimulate the mitogenic p44/p42 MAPK pathway by a TGF-ct-dependent 
mechanism. Because Cys availability and Cys/CySS redox are 
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dependent on nutrition, disease, and environmental exposures, the results 
suggest that cell proliferation could be influenced 
physiologically by Cys -dependent redox effects on growth factor 
signaling pathways. Copyright .COPYRGT. 2005 the American Physiological 
Society. 
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Heme oxygenase-1 (HO-1) is induced as a beneficial and adaptive response 
in cells and tissues exposed to oxidative stress. Herein we examined how 
various eicosanoids affect the induction of HO-1, and the possible 
mechanism underlying 15-deoxy-Delta ( 12 , 14) - prostaglandin J(2) 
(15d-PGJ (2) ) -induced HO-1 expression. PGH(2) , PGD(2) and its metabolites 
of the PGJ(2) series, and PGA(l) markedly induced the protein expression 
of HO-1. Arachidonic acid (AA) , docosahexaenoic acid (DHA) , PGE(2), PGF(2 
alpha), and thromboxane B(2) (TXB(2)) were shown to have no effect on the 
induction of HO-1. 15d-PGJ(2) was the most potent activator achieving 
significance at 5 microM. Although 15d-PGJ(2) significantly activated the 
MAPKs of JNK and ERK, the activation of JNK and ERK did not contribute to 
the induction of HO-1 as determined using transfection of 
dominant -negative plasmids and MAPKs inhibitors. Additional experiment 
indicated that 15d-PGJ(2) induced HO-1 expression through peroxisome 
prolif erator-activated receptor (P PAR) -independent pathway. 
15d-PGJ(2) significantly decreased the intracellular level of reduced 
glutathione; and the thiol antioxidant, 
N-acetyl-L-cysteine (NAC) , and the thiol -reducing 
agent, dithiothreitol (DTT) , inhibited the induction of HO-1 by 
15d-PGJ(2) . Finally, NAC and DTT exhibited significant 
inhibition of HO-1 mRNA and HO-1 promoter reporter activity induced by 
15d-PGJ(2) . These results suggest that thiol antioxidant and 
reducing agents attenuate the expression of HO-1 induced by 15d-PGJ(2), 
and that the cellular thiol-disulfide redox status may 
be linked to HO-1 activation. 
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Two relatively recent discoveries stand behind our current effort to 
investigate the effects of the chemopreventive agent, selenium, on the 
proliferation and survival of NB4 cells. The first is that 
certain selenium compounds such as sodium selenite have pro-oxidant 
ability to catalyze the oxidation of thiols and simultaneously 
generate superoxide. The second lies in the exquisite susceptibility of 
NB4 cells to arsenic trioxide- induced, reactive oxygen species 
(ROS) -mediated apoptosis due to less efficiency of the cellular defense 
system. In this study, we demonstrated that sodium selenite could induce 
apoptosis in NB4 cells via the classic mitochondrial pathway involving 
caspase-3 activation and Bel -2 cleavage. An increase in the basal 
cellular glutathione (GSH) content rendered NB4 cells resistant 
to arsenic trioxide, but could sensitize NB4 cells to sodium selenite. 
Moreover, combined treatment of NB4 cells with all- trans retinoic acid 
(ATRA) at low concentration and sodium selenite exhibited a synergistic 
effect on apoptosis induction. Together, our results suggest that 
selenite is a promising candidate for treatment of acute promyelocytic 
leukemia (APL) and the mechanism underlying its anticancer 
effects warrants further investigation. 
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AB Glutathione (gamma -glutamyl -cyst einyl -glycine ; GSH) is the most 
abundant low-molecular-weight thiol, and GSH/glutathione 
disulfide is the major redox couple in animal cells. The 
synthesis of GSH from glutamate, cysteine, and glycine is catalyzed 
sequentially by two cytosolic enzymes, gamma-glutamylcysteine synthetase 
and GSH synthetase. Compelling evidence shows that GSH synthesis is 
regulated primarily by gamma-glutamylcysteine synthetase activity, 
cysteine availability, and GSH feedback inhibition. Animal and human 
studies demonstrate that adequate protein nutrition is crucial for the 
maintenance of GSH homeostasis. In addition, enteral or parenteral 
cystine, methionine, N-acetyl -cysteine, and L-2-oxothiazolidine-4- 
carboxylate are effective precursors of cysteine for tissue GSH synthesis. 
Glutathione plays important roles in antioxidant defense, nutrient 
metabolism, and regulation of cellular events (including gene expression, 
DNA and protein synthesis, cell proliferation and apoptosis, 
signal transduction, cytokine production and immune response, and protein 
glutathionylation) . Glutathione deficiency contributes to 
oxidative stress, which plays a key role in aging and the pathogenesis of 
many diseases (including kwashiorkor, seizure, Alzheimer's disease, 
Parkinson's disease, liver disease, cystic fibrosis, sickle cell anemia, 
HIV, AIDS, cancer, heart attack, stroke, and diabetes) . New 
knowledge of the nutritional regulation of GSH metabolism is critical for 
the development of effective strategies to improve health and to treat 
these diseases. 
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Macrophage migration inhibitory factor (MIF) is a cytokine that 
participates in the host inflammatory response. A Cys-Xaa-Xaa-Cys 
(CXXC) -based thiol-protein oxidoreductase activity of MIF is 
associated with certain biological functions. Peptides spanning the CXXC 
region of thiol-protein oxidoreductases retain some biochemical 
properties of the full-length protein. We report on the characterization 
of CXXC-spanning MIF- (50-65) and its serine variant, C57S/C60S-MIF- (50- 
65). Following disul fide-mediated cyclization, MIF- (50-65) adapted a 
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beta-turn conformation comparable with that of beta-turn-containing 
cyclo-57, 60- [Asp57,Dap60]MIF- (50-65) . MIF- (50-65) had a redox 
potential E ! 0 of -0.258 V and formed mixed disulfides with 
glutathione and cysteine. MIF- (50-65) but not 

C57S/C60S-MIF- (50-65) had oxidoreductase activity in vitro. Intriguingly , 
MIF- (50-65) exhibited MIF-like cellular activities. The peptide but not 
its variant had glucocorticoid overriding and proliferation 
-enhancing activity and stimulated ERK1/2 phosphorylation. MIF- (50-65) 
and its variant bound to the MIF -binding protein JAB1 and enhanced 
cellular levels of p27Kipl. As the peptide and its variant were 
endocytosed at similar efficiency, sequence 50-65 appears sufficient for 
the JABl-related effects of MIF, whereas other activities require CXXC. 
Cyclo-57, 60- [Asp57 , Dap60] MIF- (50-65) activated ERK1/2, indicating that 
CXXC -dependent disulfide and beta-turn formation is associated with an 
activity-inducing conformation. We conclude that CXXC and sequence 50-65 
are critical for the activities of MIF. MIF- (50-65) is a surprisingly 
short sequence with MIF-like functions that could be an excellent 
molecular template for MIF therapeutics. 
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AB Mammalian thioredoxin reductases are selenoproteins. For native 
catalytic activity, these enzymes utilize a C-terminal 
-Gly-Cys-Sec-Gly-COOH sequence (where Sec is selenocysteine) forming a 
redox active selenenylsulf ide/selenolthiol motif. A 
range of cellular systems depend upon or are regulated by 
thioredoxin reductase and its major protein substrate 
thioredoxin, including apoptosis signal -regulating kinase 1, 
peroxiredoxins , methionine sulfoxide reductase, and several 
transcription factors. Cytosolic thioredoxin reductase 1 
(TrxRl) is moreover inhibited by various electrophilic anticancer 
compounds. TrxRl is hence generally considered to promote cell viability. 
However, several recent studies have suggested that TrxRl may promote 
apoptosis, and the enzyme was identified as GRIM-12 (gene associated with 
retinoid interferon- induced mortality 12) . Transient transfection with 
GRIM-12/TrxRl was also shown to directly induce cell death. To further 
analyze such effects, we have here employed lipid-mediated delivery of 
recombinant TrxRl preparations into human A549 cells, thereby bypassing 
selenoprotein translation to facilitate assessment of the protein-related 
effects on cell viability. We found that selenium-deficient TrxRl, having 
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a two-amino acid-truncated C-terminal -Gly-Cys-COOH motif, rapidly induced 
cell death (38 +/- 29% apoptotic cells after 4 h; p < 0.005 compared with 
controls) . Cell death induction was also promoted by selenium- compromised 
TrxRl derivatized with either cis-diamminedichloroplatinum (II) 
(cisplatin) or dinitrophenyl moieties but not by the structurally related 
non-selenoprotein glutathione reductase. In contrast, TrxRl 
with intact selenocysteine could not promote cell death. The direct 
cellular effects of selenium-compromised forms of TrxRl may be important 
for the pathophysiology of selenium deficiency as well as for the efficacy 
of antiproliferative drugs targeting the selenocysteine moiety 
of this enzyme. 
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AB The cytokine macrophage migration inhibitory factor (MIF) exhibits pro- 
and anti-inflammatory activities and regulates cell proliferation 
and survival. We investigated the effects of MIF on apoptosis. As MIF 
exhibits oxidoreductase activity and participates in regulating oxidative 
cell stress, we studied whether MIF could affect oxidative stress- induced 
apoptosis. We demonstrated that MIF exhibits antiapoptotic activity in 
various settings. MIF suppressed camptothecin- induced apoptosis in HeLa 
and Kym cells and HL-60 promyeloblasts . Both exogenous MIF and endogenous 
MIF, induced following overexpression through tetracycline (tet) gene 
induction, led to significant suppression of apoptosis. Apoptosis 
reduction by MIF was also observed in T cells. A role for MIF in 
redox stress- induced apoptosis was addressed by comparing the 
effects of rMIF with those of the oxidoreductase mutant C60SMIF. 
Endogenous overexpression of C60SMIF was similar to that of MIF, but 
C60SMIF did not suppress apoptosis. Exogenous rC60SMIF inhibited 
apoptosis. A role for MIF in oxidative stress -induced apoptosis was 
directly studied in HL-60 leukocytes and tet -regulated HeLa cells 
following thiol starvation or diamide treatment. MIF protected 
these cells from redox stress -induced apoptosis and enhanced 
cellular glutathione levels. As overexpressed C60SMIF did not 
protect tet-regulated HeLa cells from thiol starvation- induced 
apoptosis, it seems that the redox motif of MIF is important for 
this function. Finally, overexpression of MIF inhibited phosphorylation 
of endogenous c-Jun induced by thiol starvation, indicating that 
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MIF-based suppression of apoptosis is mediated through modulation of c-Jun 
N-terminal kinase activity. Our findings show that MIF has potent 
antiapoptotic activities and suggest that MIF is a modulator of 
pro-oxidative stress -induced apoptosis. 
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The mechanisms by which prostaglandin (PG)J(2) metabolites inhibit 
tumorigenicity are poorly understood but may involve thiol 
reactivity or peroxisome prolif erator-activated receptor 

(P PAR) -dependent pathways. Because aromatase is an important therapeutic 
target in breast cancer treatment, we have investigated the 
effect of PGJ(2) metabolites on aromatase activity and evaluated a 
potential role for redox status during PGJ(2) metabolite action. 
15-deoxy-Delta(12, 14) PGJ(2) (15d-PGJ(2)) and 9-deoxy-Delta ( 9 , 12 ) 13 , 14 - 
dihydroPGD(2) (Delta ( 12 ) PGJ (2 )) caused dose -dependent inhibition of both 
pre-induced aromatase activity in human breast fibroblasts and MDA MB 231 
breast cancer cells and of constitutive aromatase activity in 
JEG-3 choriocarcinoma cells. Structure-activity studies showed 
that this inhibition was mimicked by 4-cyclopentene-l , 3 -dione but not by 
the PPARgamma agonist troglitazone nor the eicosanoids PGE{2) or 
arachidonic acid. The thiol oxidants diamide and H(2)0{2) 
simulated the inhibitory action of 15d-PGJ(2) on aromatase activity, 
whereas the glutathione (GSH) repletor and antioxidant 
N-acetyl-cysteine (NAC) reversed these actions of 15d-PGJ(2) and 
H(2)0(2) on aromatase. 15d-PGJ(2) also caused a direct dose-dependent 
inhibition of aromatase activity in JEG-3 cell sonicates, which was also 
reversed in the presence of GSH. Kinetic analysis of this 
15d-PGJ (2) -induced inhibition of cell-free aromatase indicated the 
involvement of a non- competitive mechanism possibly resulting from direct 
thiol-targeted alkylation of the enzyme. These redox 
-sensitive, PPARgamma -independent actions of 15d-PGJ(2) on aromatase 
activity demonstrate a novel therapeutic potential for such cyclopentenone 
PGs in breast cancer treatment . 
Copyright 2002 Wiley-Liss, Inc. 
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The role of nitric oxide (NO) in carcinogenesis is controversial 
as it has been shown to both stimulate and inhibit tumour 
growth. Also, there are contradictory opinions regarding the effects of 
NO on the proliferation of normal and tumour cells. 
The aim of our study was to use an in vitro model to determine the 
influence of exogenous NO donors on DNA biosynthesis by measuring [3H] 
thymidine incorporation in human hepatoblastoma cells (HepG2) . The 
studies were conducted with the following NO precursors: sodium 
nitroprusside (SNP) , S-nitrosoglutathione, and nitroglycerine 
(NTG) . Out of all three NO donors, SNP increased NO levels and strongly 
stimulated DNA biosynthesis. A SNP concentration of 150 microM induced 
optimal NO levels necessary for the activation of DNA biosynthesis. Lower 
levels of DNA biosynthesis (118% increase over the control) were observed 
in the presence of NTG, whereas S-nitrosoglutathione had no 
effect. Antioxidants such as thiol -containing drugs, N 
-acetylcysteine and tocopherol, proved to be the most efficient 
co-activators of SNP-induced DNA synthesis. On the other hand, 
supplementing the SNP-containing medium with compounds that induce 
oxidative stress and lower the level of -SH groups such as hydrogen 
peroxide, doxorubicin, and N-ethylmaleimide, led to the inhibition of DNA 
synthesis. Therefore, our results firmly confirm the hypothesis that 
biological effects of exogenous NO donors depends on the redox 
status of the cell. 
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AB AIMS AND BACKGROUND: The transcription factor NF-kappaB is implicated in 
the expression of genes involved in cell proliferation, 
apoptosis and metastasis. In melanoma, high constitutive levels of 
NF-kappaB activation are usually observed. NF-kappaB is regulated by 
oxidation/ reduction (redox) processes, and the occurrence of 
constitutive oxidative stress in melanoma cells has been documented. 
Recent studies of our laboratories showed that the membrane -bound 
gamma -glutamyl transferase (GGT) enzyme activity- -expressed by a number of 
malignancies, including melanoma --can act as a basal source of superoxide, 
hydrogen peroxide and other prooxidants. METHODS: In the present study we 
utilized the 2/60 clone of Me665/2 human metastatic melanoma, which 
displays high levels of GGT activity, in order to verify if the presence 
of this enzyme- -through the promotion of redox processes- -may 
influence the activation status of NF-kappaB. The latter was evaluated by 
determining the nuclear translocation of the p65 subunit (by immunoblot) , 
the DNA binding of NF-kappaB (by electrophoretic mobility shift assay) and 
its transcriptional activity (by gene transact ivat ion studies) . RESULTS: 
Me665/2/60 cells displayed a basal production of hydrogen peroxide. 
Stimulation of GGT activity by its substrates glutathione and 
glycyl -glycine caused additional production of hydrogen peroxide, up to 
levels approx. double the basal levels. Nuclear translocation of the 
NF-kappaB p65 subunit, DNA-binding and gene transactivation were thus 
investigated in Me665/2/60 cells whose GGT activity was modulated by means 
of substrates or inhibitors. Stimulation of GGT activity resulted in 
increased nuclear translocation of p65, while on the other hand NF-kappaB 
DNA binding and gene transactivation were paradoxically decreased. 
NF-kappaB DNA binding could be restored by treating cell lysates with the 
thiol -reducing agent dithiothreitol (DTT) . Treatment of 

cells with exogenous hydrogen peroxide did not affect NF-kappaB activation 
status. CONCLUSIONS: Altogether, the data obtained indicate that GGT 
activity may impair the redox status of thiols that is 

critical for NF-kappaB DNA binding and gene transactivation, through the 
production of prooxidant species allegedly distinct from hydrogen 
peroxide. GGT activity therefore appears to be an additional factor in 
modulation of NF-kappaB transcriptional activity in melanoma, capable of 
hindering NF-kappaB DNA binding even in conditions where continuous 
oxidative stress would favor NF-kappaB nuclear translocation. 
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The predominance of oxidative stress in many tumour cell 
environments provides a means to selectively target these cells via 
protein oxidation. The zinc fingers of transcription factors utilise 
cysteine thiols for structural zinc coordination. Redox 
control of DNA binding regulates transcription and therefore the overall 
rates of proliferation, apoptosis and necrosis in the 
carcinoma. We report here the adverse effects of 

glutathione peroxidase (GPx) mimics towards zinc finger motifs and 
PC12 cell survival. Nanomolar catalyst concentrations facilitated 
H202-induced oxidation of an Spl transcription factor fragment. In PC12 
cells GPx catalysis triggered a significant increase in cell death, 
correlating with severity of oxidative stress. As a consequence, we 
conclude that GPx mimics are potential chemotherapeutic agents. 
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intestinal epithelial cell growth, but regulatory mechanisms are not well 
understood. We determined whether Gin and KGF alter intra- and 
extracellular thiol/disulfide redox pools in Caco-2 

cells cultured in oxidizing or reducing cell medium and whether such 
redox variations are a determinant of proliferative 

responses to these agents. Cells were cultured over a physiological range 

of oxidizing to reducing extracellular thiol/disulfide 

redox (E(h)) conditions, obtained by varying cysteine (Cys) and 

cystine (CySS) concentrations in cell medium. Cell proliferation 

was determined by 5-bromo-2-deoxyuridine (BrdU) incorporation. Gin (10 

mmol/1) or KGF (10 p.g/1) did not alter BrdU incorporation at reducing 

E(h) (-131 to -150 mV) , but significantly increased incorporation at more 

oxidizing E (h) (Gin at 0 to - 109 mV; KGF at -46 to -80 mV) . Cellular 

glutathione/glutathione disulfide (GSH/GSSG) E (h) was 

unaffected by Gin, KGF, or variations in extracellular Cys/CySS E(h). 

Control cells largely maintained extracellular E(h) at initial values 

after 24 h (-36 to -136 mV) . However, extracellular E(h) shifted toward a 

narrow physiological range with Gin and KGF treatment (Gin -56 to -88 mV 

and KGF -76 to -92 mV, respectively; P < 0.05 vs. control). The results 

indicate that thiol/disulfide redox state in the 

extracellular milieu is an important determinant of Caco-2 cell 

proliferation induced by Gin and KGF, that this control is 

independent of intracellular GSH redox status, and that both Gin 

and KGF enhance the capability of Caco-2 cells to modulate extremes of 

extracellular redox. 
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AB Glutathione (GSH) has a central role in the maintenance of the 
thiol-disulfide redox state in mammalian cells. GSH 

synthesis can be physiologically limited by the availability of cysteine 
(Cys), and Cys and its precursors are variable in the human diet. The 
purpose of this study was to determine the effect of severe Cys deficiency 
and readdition of Cys on the redox state of the GSH/ 
glutathione disulfide (GSSG) pool in human colon carcinoma 
HT29 cells. Cells were cultured in Cys- (and cystine-) limiting medium for 
48 h followed by culture in medium containing either Cys or cystine for 24 
h. GSH and GSSG were measured by HPLC. Cys limitation decreased cellular 
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GSH and GSSG concentrations with an associated >80 mV oxidation of the 

GSH/GSSG redox state. Upon addition of either Cys or its 

disulfide cystine (CySS) , redox of GSH/GSSG recovered in 4 h, 

whereas GSH concentration continued to increase over 12 h. Maximal GSH 

concentrations attained were 200% of control cell values. These results 

show that severe Cys deficiency can have marked effects on cellular 

redox state but that redox recovers rapidly upon 

resupply. The magnitude of oxidation during Cys limitation in this cell 

model is sufficient to result in a >100-fold change in the 

reduced/oxidized ratio of redox-sensitive dithiol 

/disulfide motifs in proteins. If redox changes occur in vivo 

in association with variations in dietary Cys and its precursors, these 

changes could have important physiologic effects through altered 

redox signaling and control of cell proliferation and 

apoptosis . 
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AB Redox mechanisms function in regulation of cell growth, and 
variation in redox state of plasma thiol/disulfide 

couples occurs in various physiologic conditions, including diabetes, 
chemotherapy, and aging. The present study was designed to determine 
whether a systematic variation in extracellular thiol/disulfide 
redox state (E(h)) over a range (0 mV to -150 mV) that occurs in 
human plasma altered proliferation of cultured cells. 
Experiments were performed with a human colon carcinoma cell 
line (Caco2) , which grows slowly in the absence of serum and responds to 
peptide growth factors with increased rate of cell division. The 
extracellular redox states were established by varying 

concentrations of cysteine and cystine, maintaining constant pool size in 
terms of cysteine equivalents. Incorporation of 5-bromo-2-deoxyuridine 
(BrdU) was used to measure DNA synthesis and was lowest at the most 
oxidized extracellular E(h) (0 mV) . Incorporation increased as a function 
of redox state, attaining a 100% higher value at the most 
reduced condition (-150 mV) . Addition of insulin-like growth factor-1 
(IGF-1) or epidermal growth factor (EGF) increased the rate of BrdU 
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incorporation at more oxidizing redox conditions (0 to -80 mV) 
but had no effect at -150 mV. Cellular GSH was not significantly affected 
by variation in extracellular E(h) . In the absence of growth factors, 
extracellular E(h) values were largely maintained for 24 h. However, 
IGF-1 or EGF stimulated a change in extracellular redox to 
values similar to that for cysteine/cystine redox in plasma of 
young, healthy individuals. The results show that extracellular 
thiol/disulfide redox state modulates cell 

proliferation rate and that this control interacts with growth 
factor signaling apparently independently of cellular glutathione 
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AB Cellular redox, maintained by the glutathione (GSH) - 

and thioredoxin (Trx) -dependent systems, has been implicated in 
the regulation of a variety of biological processes. The redox 
state of the GSH system becomes oxidized when cells are induced to 
differentiate by chemical agents. The aim of this study was to determine 
the redox state of cellular GSH/glutathione disulfide 
(GSH/GSSG) and Trx as a consequence of progression from 
proliferation to contact inhibition and spontaneous 
differentiation in colon carcinoma (Caco-2) cells. Results 
showed a significant decrease in GSH concentration, accompanied by a 4 0-mV 
oxidation of the cellular GSH/GSSG redox state and a 28 -mV 
oxidation of the extracellular cysteine/cystine redox state in 
association with confluency and increase in differentiation markers. The 
redox state of Trx did not change. Thus the two central cellular 
antioxidant and redox- regulating systems (GSH and Trx) were 
independently controlled. According to the Nernst equation, a 30-mV 
oxidation is associated with a 10-fold change in the reduced/oxidized 
ratio of a redox-sensitive dithiol motif. Therefore, 

the measured 40-mV oxidation of the cellular GSH/GSSG couple or the 28 -mV 
oxidation of the extracellular cysteine/cystine couple should be 
sufficient to function in signaling or regulation of differentiation in 
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Caco-2 cells. 
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Glutathione (GSH) is the main intracellular thiol 

antioxidant, and as such participates in a number of cellular antitoxic 

and defensive functions. Nevertheless, non-antioxidant functions of GSH 

have also been decribed, e.g. in modulation of cell proliferation 

and immune response. Recent studies from our and other laboratories have 

provided evidence for a third functional aspect of GSH, i.e. the 

prooxidant roles played by molecular species originating during its 

catabolism by the membrane ectoenzyme y-glutamyl transpeptidase 

(GGT) . The reduction of metal ions effected by GSH catabolites is capable 

to induce redox cycling processes leading to the production of 

reactive oxygen species (superoxide, hydrogen peroxide) , as well as of 

other free radicals. Through the action of these reactive compounds, GSH 

catabolism can ultimately lead to oxidative modifications on a variety of 

molecular targets, involving oxidation and/or S-thiolation of 

protein thiol groups in the first place. Modulating effects of 

this kind have been observed on several important, redox 

-sensitive components of the signal transduction chains, such as cell 

surface receptors, protein phosphatase activities and transcription 

factors. Against this background, the prooxidant reactions induced by GSH 

catabolism appear to represent a novel, as yet unrecognized mechanism for 

modulation of cellular signal transduction. .COPYRGT. 2002 Elsevier 

Science Inc. All rights reserved. 
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AB Acrolein, a reactive alpha , beta-unsaturated aldehyde, is a common 
environmental pollutant, a metabolite of the anticancer drug 
cyclophosphamide, and a byproduct of lipid peroxidation. An increase in 
acrolein production has been proposed as a marker for Alzheimer's disease, 
diabetic glomerular lesions, and atherosclerosis. Acrolein is a potent 
inhibitor of cell proliferation at nonlethal doses and may act 
through effects on redox- regulated transcription factors. We 
previously reported that NF-kappaB activation is inhibited by acrolein in 
the A54 9 lung adenocarcinoma cell line in an IkappaB- independent 
manner [Horton et al. (1999) J. Biol. Chemical 274, 9200-9206]. The 
current data demonstrate that AP-1 activation in A549 cells is decreased 
by 26 and 50% at 0.5 and 1 h, respectively, after exposure to 50 fmol/cell 
(a nonlethal dose) of acrolein. Inhibition of AP-1 activation also 
occurred following treatment with buthionine sulf oximine 
to deplete glutathione to the same extent as seen with acrolein, 
c-jun antisense treatments depressed c-jun protein below detectable levels 
at 4 h and inhibited cell proliferation (as assessed by 
[ (3) H] thymidine incorporation) by 80%. Immunoprecipitation of c-jun 
protein after treating A549 cells with acrolein revealed the presence of a 
lysine-acrolein adduct . There was, however, no effect of acrolein on 
c-jun N-terminal kinase activity or c-jun phosphorylation. These data 
indicate that the inhibition of cell proliferation induced by 
acrolein correlates with the depletion of glutathione as well as 
the inhibition of AP-1 activation. AP-1 activation is likely affected 
both through changes in cellular thiol redox balance 

and by covalent modification of acrolein to c-jun, but not through effects 
on c-jun phosphorylation. 
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AB Cellular redox, maintained by the glutathione (GSH) - 

and thioredoxin (Trx) -dependent systems, has been implicated in 
the regulation of a variety of biological processes. The redox 
state of the GSH system becomes oxidized when cells are induced to 
differentiate by chemical agents. The aim of this study was to determine 
the redox state of cellular GSH/glutathione disulfide 
(GSH/GSSG) and Trx as a consequence of progression from 
proliferation to contact inhibition and spontaneous 
differentiation in colon carcinoma (Caco-2) cells. Results 
showed a significant decrease in GSH concentration, accompanied by a 4 0-mV 
oxidation of the cellular GSH/GSSG redox state and a 2 8-mV 
oxidation of the extracellular cysteine/cystine redox state in 
association with confluency and increase in differentiation markers. The 
redox state of Trx did not change. Thus the two central cellular 
antioxidant and redox- regulating systems (GSH and Trx) were 
independently controlled. According to the Nernst equation, a 30-mV 
oxidation is associated with a 10-fold change in the reduced/oxidized 
ratio of a redox- sensitive di thiol motif. Therefore, 

the measured 40-mV oxidation of the cellular GSH/GSSG couple or the 28-mV 
oxidation of the extracellular cyst eine/cys tine couple should be 
sufficient to function in signaling or regulation of differentiation in 
Caco-2 cells. 
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In the present study, we find that cyclopentenone prostaglandins (PGs) of 
the J(2) series, naturally occurring derivatives of PGD(2), are potential 
inducers of intracellular oxidative stress that mediates cell 
degeneration. Based on an extensive screening of diverse chemical agents 
on induction of intracellular production of reactive oxygen species (ROS) , 
we found that the cyclopentenone PGs, such as PGA(2), PGJ(2), 
Delta (12) -PGJ (2) , and 15-deoxy-Delta ( 12 , 14) -PGJ (2 ) , showed the most potent 
pro-oxidant effect on SH-SY5Y human neuroblastoma cells. As the 
intracellular events that mediate the PG cytotoxicity, we observed (i) the 
cellular redox alteration represented by depletion of 
antioxidant defenses, such as glutathione and 
glutathione peroxidase; (ii) a transient decrease in the 
mitochondrial membrane potential (Deltapsi) ; (iii) the production of 
protein-bound lipid peroxidation products, such as acrolein and 
4-hydroxy-2-nonenal ; and (iv) the accumulation of ubiquitinated proteins. 
These events correlated well with the reduction in cell viability. In 
addition, the thiol compound, N-acetylcysteine 

, could significantly inhibit the PG-induced ROS production, thereby 
preventing cytotoxicity, suggesting that the redox alteration is 
closely related to the pro-oxidant effect of cyclopentenone PGs. More 
strikingly, the lipid peroxidation end products, acrolein and 
4 -hydroxy- 2 -non enal , detected in the PG-treated cells potently induced the 
ROS production, which was accompanied by the accumulation of ubiquitinated 
proteins and cell death, suggesting that the membrane lipid peroxidation 
products may represent one of the causative factors that potentiate the 
cytotoxic effect of cyclopentenone PGs by accelerating intracellular 
oxidative stress. These data suggest that the intracellular oxidative 
stress, represented by ROS production/1 ipid peroxidation and redox 
alteration, may underlie the well documented biological effects, such as 
antiproliferative and antitumor activities, of 
cyclopentenone PGs. 
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AB In higher eukaryotes, reactive oxygen species (ROS) are generated during 

respiration in mitochondria in the course of reduction of molecular oxygen 

as well as by distinct enzyme systems. ROS have been implicated in the 

regulation of diverse cellular functions including defense against 

pathogens, intracellular signaling, transcriptional activation, 

proliferation, and apoptosis. The reduction-oxidation ( 

redox) state of the cell is primarily a consequence of the precise 

balance between the levels of ROS and endogenous thiol buffers 

present in the cell, such as glutathione and thioredoxin 

, which protect cells from oxidative damage. Dramatic elevation of ROS, 

exceeding compensatory changes in the level of the endogenous 

thiol buffers, may result in the sustained activation of signaling 

pathways and expression of genes that induce apoptosis in affected cells. 

Many cytotoxic drugs function selectively to kill cancer cells 

by the abrogation of proliferative signals, leading to cell 

death, and numerous reports have demonstrated that ROS are generated 

following treatment with these drugs. In this review, we will summarize 

recent contributions to our understanding of the importance of cytotoxic 

drug-induced modulation of cellular redox status for signaling 

and transcription leading to activation of apoptotic effector mechanisms. 
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AB BACKGROUND: Intracellular oxidative stress in CD4 + lymphocytes due to 
disturbed glutathione homeostasis may lead to impaired 
lymphocyte functions and enhanced HIV replication in patients with HIV 
infection, especially in those with advanced immunodeficiency. The aim of 
the present study was to assess whether short-term, high-dose antioxidant 
treatment might have effects on immunological and virological parameters 
in patients with HIV infection. MATERIALS AND METHODS: In this pilot 
study, we examined virological and immunological effects of antioxidant 
combination treatment for 6 days with high doses of N- 
acetylcysteine (NAC) and vitamin C in 8 patients with 
HIV infection. The following were assayed before, during and after 
antioxidant treatment: HIV RNA plasma levels; numbers of CD4 + , CD8+, and 
CD14+ leukocytes in blood; plasma thiols; intracellular 
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glutathione redox status in CD4 + lymphocytes and CD14+ 

monocytes; lymphocyte proliferation; lymphocyte apoptosis and 

plasma levels of tumour necrosis factor (TNF) alpha ; soluble TNF 

receptors and neopterin in plasma. RESULTS: No significant changes in HIV 

RNA plasma levels or CD4 + lymphocyte counts in blood were noted during 

antioxidant treatment in the patient group. However, in the 5 patients 

with the most advanced immunodeficiency (CD4+ lymphocyte counts < 200 x 

106 L(-l)), a significant rise in CD4+ lymphocyte count, a reduction in 

HIV RNA plasma level of 0.8 log, an enhanced lymphocyte 

proliferation and an increased level of intracellular 

glutathione in CD4+ lymphocytes were found. No change in 

lymphocyte apoptosis was noted. CONCLUSIONS: Short-term, high-dose 

combination treatment with NAC and vitamin C in patients with 

HIV infection and advanced immunodeficiency lead to immunological and 

virological effects that might be of therapeutic value. 
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AB The expression of gamma -glutamyl transpeptidase (GGT) , a plasma membrane 
ectoenzyme involved in the metabolism of extracellular reduced 
glutathione .(GSH), is a marker of neoplastic progression 

in several experimental models, and occurs in a number of human malignant 
neoplasms and their metastases. Because it favors the supply of 
precursors for the synthesis of GSH, GGT expression has been interpreted 
as a member in cellular antioxidant defense systems. However, 
thiol metabolites generated at the cell surface during GGT 
activity can induce prooxidant reactions, leading to production of free 
radical oxidant species. The present study was designed to characterize 
the prooxidant reactions occurring during GGT ectoact ivity, and their 
possible effects on the thiol redox status of proteins 

of the cell surface. Results indicate that: (i) in U937 cells, expressing 

significant amounts of membrane -bound GGT, GGT-mediated metabolism of GSH 

is coupled with the extracellular production of hydrogen peroxide; (ii) 

GGT activity also results in decreased levels of protein thiols 

at the cell surface; (iii) GGT-dependent decrease in protein 

thiols is due to sulfhydryl oxidation and protein S- 

thiolation reactions; and (iv) GGT irreversible inhibition by 

acivicin is sufficient to produce an increase of protein 

thiols at the cell surface. Membrane receptors and transcription 

factors have been shown to possess critical thiols involved in 
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the transduction of proliferative signals. Furthermore, it was 
suggested that S-thiolation of cellular proteins may represent a 
mechanism for protection of vulnerable thiols against 

irreversible damage by prooxidant agents. Thus, the findings reported 
here provide additional explanations for the envisaged role played by 
membrane -bound GGT activity in the proliferative attitude of 
malignant cells and their resistance to prooxidant drugs and radiation 
therapy . 
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AB The relationship among cancer growth, the glutathione 

redox cycle and the antioxidant system was studied in blood and in 

tumour cells. During cancer growth, the 

glutathione redox status (GSH/GSSG) decreases in blood 

of Ehrlich ascites tumour -bearing mice. This effect is mainly 

due to an increase in GSSG levels. Two reasons may explain the increase 

in blood GSSG: (a) the increase in peroxide production by the 

tumour that, in addition to changes affecting the 

glutathione-related and the antioxidant enzyme activities, can 

lead to GSH oxidation within the red blood cells; and (b) an increase of 

GSSG release from different tissues into the blood. GSH and peroxide 

levels are higher in the tumour cells when they 

proliferate actively, however GSSG levels remain constant during 

turnout growth in mice. These changes associate with low levels of lipid 

peroxidation in plasma, blood and the tumour cells. The 

GSH/GSSG ratio in blood also decreases in patients bearing breast or colon 
cancers and, as it occurs in tumour -bearing mice, this 

change associates with higher GSSG levels, especially in advanced stages 
of cancer progression. Our results indicate that determination 
of glutathione status and oxidative stress -related parameters in 
blood may help to orientate cancer therapy in humans. 
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AB Background: Reactive oxygen species are involved in multi-stage process of 
carcinogenesis. The most of cancer cell lines and 
cancer cells in tumor tissue produce reactive oxygen 
species and on the other hand, the activities of catalase, Mn- and 
CuZn- superoxide dismutase in tumor cells are usually low. These 
persistent oxidative stress in tumor tissue facilitates 
tumor invasion and metastasis. 12-kDa thioredoxin, which 
regulates the intracellular redox potential with 
glutathione and glutaredoxin is involved in cell 
activation, proliferation, differentiation and redox 
-mediated apoptosis. It is also purified as 14-kDa and 10-kDa 
eosinophilic cytotoxic enhancing factor (ECEF) from human histiocytic 
cell(U937) and 10-kDa ECEF has more than 20 times eosinophilic stimulation 
activity than 14-kDa ECEF. It has been reported that adult T-cell 
leukemia, squamous cell carcinoma of uterine cervix, and 
hepatocellular carcinoma show increased amounts of human 
thioredoxin and thioredoxin mRNA is increased in lung 
cancer. In this study, we investigated the expression of 
conventional antioxidant enzymes such as catalase, CuZn-SOD, and 
glutathione peroxidase and thioredoxin in lung 
cancer tissue compared to adjacent normal lung tissue and the 
induction of thioredoxin in macrophage cells after treatment of 
oxidative stress and endotoxin. Methods: We measured the amount of 
conventional antioxidant enzymes such as catalase, CuZn-SOD, and 
glutathione peroxidase and thioredoxin in lung 
cancer tissue compared to adjacent normal lung tissue by 
immunoblot analysts and the induction of thioredoxin in mouse 
monocyte- macrophage cells (RAW 264.7) by treatment of 5 nM menadione 
and 1 ^tg/ml endotoxin. Results: On immunoblot analysis, the expression 
of 12-kDa thioredoxin was increased in lung cancer 

tissue compared to paired normal lung tissue, but the expression of 
catalase and CuZn-SOD were decreased in lung cancer tissue 
compared to paired normal tissue and the expression of glutathione 
peroxidase in lung cancer was variable. The expression of 
truncated thioredoxin was also increased in lung cancer 

When mouse monocyte- macrophage cells were treated with 5 nM 
menadione and 1 p-g/ml endotoxin, the expression of thioredoxin 
was peaked at 12 hrs and sustained to 48 hrs. Conclusion: In contrast 
with other conventional antioxidants, the expression of 12-kDa and 
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truncated thioredoxin in lung cancer were increased 

and it is closely associated with persistent oxidative stress in 

tumor microenvironment . Considering especially the biological 

functions of truncated thioredoxin, the increased amount of 

truncated thioredoxin has significant role in tumor 

growth through cell proliferation. 
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Previous data show a relation between GSH content and 
proliferation of normal and tumour cells. We recently 
demonstrated a specific involvement of GSH in the autophosphorylation 
activity of the platelet-derived growth factor (PDGF) receptor in NIH3T3 
fibroblasts. In this study we demonstrate that the stimulation by PDGF of 
serum-starved NIH3T3 cells increases cellular GSH content, while no change 
in oxidized GSH content was measured. Experiments performed with 
actinomycin, cycloheximide and buthionine sulfoximide, a specific 
inhibitor of the rate-limiting enzyme of the de novo synthesis of GSH 
Y-glutamylcysteine synthetase (y-GCS) , confirm PDGF induction 
of GSH synthesis. These results provide the first demonstration that PDGF 
mediated transduction signals seem strictly related to mechanisms involved 
in the increase of y-GCS activity associated with increased 
y-GCS heavy subunit mRNA levels. In fact, serum and epidermal 
growth factor (EGF) stimulation of quiescent NIH3T3 and NIH3T3, which 
overexpress EGF receptor, does not affect GSH content or its synthesis. 
These data may be related to a possible GSH role in the redox 
regulation of cell proliferation mediated by PDGF. 
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TNF is produced during inflammation and induces, among other activities, 
cell death in sensitive tumour cells. We previously reported an 
increased generation of ROS in TNF-treated L929 fibrosarcoma cells prior 
to cell death. These ROS are of mitochondrial origin and participate in 
the cell death process. Presently, we focus on the identification of 
parameters that control ROS production and subsequent cytotoxicity. From 
the cytotoxic properties and susceptibility to scavenging of TNF-induced 
ROS as compared to prb-oxidant- induced ROS we conclude that TNF-mediated 
ROS generation and their lethal action are confined to the inner 
mitochondrial membrane. Oxidative substrates, electron-transport 
inhibitors, glutathione and thiol-react ive agents but 

also caspase inhibitors modulate TNF-induced ROS production and imply the 
existence of a negative regulator of ROS production. Inactivation of this 
regulator by a TNF-induced reduction of NAD ( P ) H levels and/or formation of 
intraprotein disulfides would be responsible for ROS generation. 
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In previous studies we have demonstrated that transforming growth factor 
(TGF) -a/c-myc double transgenic mice exhibit an enhanced rate of 
cell proliferation, accumulate extensive DNA damage, and develop 
multiple liver tumors between 4 and 8 months of age. To clarify 
the biochemical events that may be responsible for the genotoxic and 
carcinogenic effects observed in this transgenic model, several 
parameters of redox homeostasis in the liver were examined prior 
to development of hepatic tumors. By 2 months of age, 

production of reactive oxygen species, determined by the peroxidat ion- 
sensitive fluorescent dye, 2 1 , 7 1 -dichlorof luorescin diacetate, was 
significantly elevated in TGF-a/c-myc transgenic hepatocytes versus 
either wild type or c-myc single transgenic cells, and occurred in 
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parallel with an increase in lipid peroxidation. Concomitantly with a 
rise in oxidant levels, antioxidant defenses were decreased, including 
total glutathione content and the activity of 
glutathione peroxidase, whereas thioredoxin reductase 
activity was not changed. However, hepatic tumors which 
developed in TGF- a/c-myc mice exhibited an increase in 
thioredoxin reductase activity and a very low activity of 
glutathione peroxidase. Furthermore, specific deletions were 
detected in mtDNA as early as 5 weeks of age in the transgenic mice. 
These data provide experimental evidence that co-expression of TGF -a 
and c- myc transgenes in mouse liver promotes overproduction of reactive 
oxygen species and thus creates an oxidative stress environment. This 
phenomenon may account for the massive DNA damage and acceleration of 
hepatocarcinogenesis observed in the TGF-a/c-myc mouse 
model . 
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Stimulation of various cells with growth factors results in a transient 
increase in the intracellular concentration of H202 that is required for 
growth factor- induced protein tyrosine phosphorylation. The effect of 
H202 produced in response to epidermal growth factor (EGF) on the activity 
of protein-tyrosine phosphatase IB (PTP1B) was investigated in A431 human 
epidermoid carcinoma cells. H202 inactivated recombinant PTP1B 
in vitro by oxidizing its catalytic site cysteine, most likely to sulfenic 
acid. The oxidized enzyme was reactivated more effectively by 
thioredoxin than by glutaredoxin or glutathione 

at their physiological concentrations. Oxidation by H202 prevented 
modification of the catalytic cysteine of PTP1B by iodoacetic acid, 
suggesting that it should be possible to monitor the oxidation state of 
PTP1B in cells by measuring the incorporation of radioactivity into the 
enzyme after lysis of the cells in the presence of radiolabeled iodoacetic 
acid. The amount of such radioactivity associated with PTP1B 
immunoprecipitated from A431 cells that had been stimulated with EGF for 
10 min was 27% less than that associated with PTP1B from unstimulated 
cells. The amount of iodoacetic acid-derived radioactivity associated 
with PTP1B reached a minimum 10 min after stimulation of cells with EGF 
and returned to base line values by 40 min, suggesting that the oxidation 
of PTP1B is reversible in cells. These results indicate that the 
activation of a receptor tyrosine kinase by binding of the corresponding 
growth factor may not be sufficient to increase the steady state level of 
protein tyrosine phosphorylation in cells and that concurrent inhibition 
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of protein-tyrosine phosphatases by H202 might also be required. 
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Antioxidants reduce cyclooxygenase-2 expression, 
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Increased expression of cyclooxygenase (COX) and overproduction of 
prostaglandins (PGs) have been implicated in the development and 
progression of colorectal cancer (CRC) . Recent observations 
suggest that reactive oxygen intermediates play a role in tumor 
cell growth regulation and expression of the inducible COX, COX-2 . We 
therefore evaluated the effects of various antioxidants on COX expression 
and cellular growth in the human CRC cell line HCA-7. The antioxidants 
pyrrolidinedithiocarbamate (PDTC) , N- 

acetylcysteine, 6-hydroxy-2, 5,7, 8-tetramethylchroman-2-carboxylic 

acid (Trolox) , and U74006 decreased PG production, intracellular 

redox status, and cellular growth in a concentration-dependent 

manner. The decrease in cellular growth was associated with the induction 

of apoptosis. Unlike the selective COX inhibitors l-[(4- 

methylsulfonyl) phenyl] -3-trif luoromethyl-5- [ (4- fluoro) phenyl] pyrazole (SC 
58125) and (2 -cyclohexyloxy-4 - nitrophenyl) methanesulfonamide (NS 398) 
that inhibit COX-2 catalytic activity, these antioxidants decreased COX-2 
expression at the transcriptional level. Combined treatment of HCA-7 
cells with PDTC and SC 58125 resulted in an additive decrease in PG levels 
and anchorage-dependent and -independent growth. Furthermore, whereas 
antioxidants or SC 58125 reduced tumor growth in vivo, 
coadministration of PDTC and SC 58125 resulted in actual tumor 
regression. These results suggest that combined therapy with NSAIDs and 
antioxidants might be useful in the prevention and/or treatment of CRC. 
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AB The interactions of a series of 2-imidazolyl disulfide antitumor 
compounds with the thioredoxin reductase (TR) / 
thioredoxin (hTrx) redox system have been studied. 

Disulfides III-2 (n-butyl 2 -mercaptoimidazolyl disulfide) and VI -2 (ethyl 
2-mercaptoimidazolyl disulfide) were substrates for reduction by TR with 
K(m) values of 43 and 48 nM. Disulfides IV- 2 (1-methylpropyl 
2-mercaptoimidazolyl disulfide) and DLK-36 (benzyl 2-mercaptoimidazolyl 
disulfide) were competitive inhibitors of the reduction of hTrx by TR with 
K(i) values of 31 joM. None of the disulfides were substrates for 
reduction by human glutathione reductase. The disulfides caused 
reversible thioalkylation of hTrx at the redox catalytic site as 
shown by the fact that there was no thioalkylation of a mutant hTrx where 
both the catalytic site Cys32 and Cys35 residues were replaced by Ser. In 
addition, the disulfides caused a slower irreversible inactivation of hTrx 
as a substrate for reduction by TR, with half-lives for III-2 of 30 min, 
for IV-2 of 4 hr, and for IX-2 (t-butyl 2-mercaptoimidazolyl disulfide) of 
24 hr. This irreversible inactivation of hTrx occurred at concentrations 
of the disulfides an order of magnitude below those that inhibited TR, and 
involved the Cys73 of hTrx, which is outside the conserved redox 
catalytic site, as shown by the resistance to inactivation of a mutant 
hTrx where Cys73 was replaced by Ser. Electrophoretic and mass spectral 
analyses of the products of the reaction between the disulfides and hTrx 
show that modification of 1-3 Cys residues of the protein occurred in a 
concentration-dependent fashion. The disulfides inhibited the hTrx 
dependent proliferation of MCF-7 breast cancer cells 
with IC50 values for III-2 and IV-2 of 0.2 and 1.2 uM f respectively. 
The results show that although the catalytic sites of TR and hTrx are 
reversibly inhibited by the 2-imidazolyl disulfides, it is the 
irreversible thioalkylation of Cys73 of hTrx by the disulfides chat most 
probably accounts for the inhibition of thioredoxin dependent 
cell growth by the disulfides. 
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AB Both clinical and experimental evidence indicates that AIDS-related 

Kaposi's sarcoma (AIDS-KS) has a multifactorial pathogenesis with factors 
such as HIV viral load, latent virus induction, and opportunistic 
infections contributing to disease progression. However, a consistent 
feature that unites these apparently diverse putative etiologic agents is 
sustained serum elevations of pro -inflammatory cytokines such as 
tumor necrosis factor-alpha (TNF-alpha) . While virtually every 
cell responds to TNF-alpha with gene activation, the extent of 
TNF-alpha-mediated cellular signaling is regulated by a delicate balance 
between signal activation and signal arresting events. Reactive oxygen 
intermediates (ROD , which are generated as a consequence of TNF-alpha 
membrane interaction, are part of this TNF-alpha-initiated cellular 
activation cascade. Previous studies in our laboratory have shown that 
AIDS-KS cells possess impaired oxygen intermediate scavenging capacities, 
thereby establishing conditions permissive for the intracellular retention 
of ROI . In this study, we used cellular capacity to upregulate the 
cytoprotective enzyme superoxide dismutase (SOD) to address the extent of 
cellular response to TNF-alpha. Concurrent with the SOD analyses, 
nucleotide profiles were obtained to assess cellular bioenergetic 
responses during TNF-alpha challenge. Proliferative growth 
levels of mitochondrial (Mn)SOD activities showed an activity spectrum 
ranging from lowest activity in AIDS-KS cells, to intermediate levels in 
matched, nonlesional cells from the AIDS-KS donors, to highest activities 
in HIV normal fibroblasts. In contrast, following TNF-alpha challenge, 
the AIDS-KS and KS donor nonlesional cells showed a 11.89- and 5.86-fold 
respective increase in MnSOD activity, while the normal fibroblasts 
demonstrated a 1.35 -fold decrease. Subsequent thiol 
redox modulation studies showed that only the normal fibroblast 
cultures showed a potentiation of TNF-alpha-mediated MnSOD upregulation 
following GSH depletion. In addition, provision of the GSH precursor, 
N-acetylcysteine during TNF-alpha challenge only 

diminished MnSOD activity and mitochondrial compartmentalizat ion in the 
AIDS-KS cells, a finding that likely reflects the lower levels of reduced 
thiols in this cellular population. Our data, which show that a 
perturbation in their cellular thiol redox status 

accentuates AIDS-KS cellular responsiveness to TNF-alpha, suggest a 
biochemical, rationale for the recognized TNF-alpha AIDS-KS clinical 
correlation . 
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Reduction-oxidation (redox) plays a critical role in NF-kappaB 
activation. Diverse stimuli appear to utilize reactive oxygen species 
(e.g. hydrogen peroxide) as common effectors for activating NF-kappaB. 
Antioxidants govern intracellular redox status, and many such 
molecules can reduce H202 . However, functionally, it does appear that 
different antioxidants are variously selective for redox 
regulation of certain transcription factors such as NF-kappaB. For 
NF-kappaB, thioredoxin has been described to be a more potent 
antioxidant than either glutathione or N- 
acetylcysteine. Thioredoxin peroxidase is the immediate 
enzyme that links reduction of H202 to thioredoxin. Several 
putative human thioredoxin peroxidases have been identified 
using recursive sequence searches/alignments with yeast or prokaryotic 
enzymes. None has been characterized in detail for intracellular 
function (s). Here, we describe a new human thioredoxin 
peroxidase, antioxidant enzyme AOE372, identified by virtue of its 
protein-protein interaction with the product of a proliferation 
association gene, pag, which is also a thiol-specif ic 
antioxidant. In human cells, AOE372 defines a redox pathway 
that specifically regulates NF-kappaB activity via a modulation of 
IkappaB-alpha phosphorylation in the cytoplasm. We show that AOE372 
activity is regulated through either homo- or heterodimerizat ion with 
other thiol peroxidases, implicating subunit assortment as a 
mechanism for regulating antioxidant specificities. AOE372 function 
suggests thioredoxin peroxidase as an immediate regulator of 
H202 -mediated activation of NF-kappaB. 
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AB Extracellular manipulation of protein disulfide bonds has been implied in 
diverse biological processes, including penetration of viruses and 
endotoxin into cells and activation of certain cytokine receptors. We now 
demonstrate reduction of one or more disulfide bonds in the serine 
proteinase, plasmin, by a reductase secreted by Chinese hamster ovary or 
HT1080 cells. Reduction of plasmin disulfide bond{s) triggered 
proteolysis of the enzyme, generating fragments with the domain structure 
of the angiogenesis inhibitor, angiostatin. Two of the known reductases 
secreted by cultured cells are protein disulfide isomerase and 
thioredoxin, and incubation of plasmin with these purified 
reductases resulted in angiostatin fragments comparable with those 
generated from plasmin in cell culture. Thioredoxin-derived 
angiostatin inhibited proliferation of human dermal 

microvascular endothelial cells with half -maximal effect at approximately 
0.2 microg/ml . Angiostatin made by cells and by purified reductases 
contained free sulfhydryl group (s), and S-carbamidomethylation of these 
thiol group (s) ablated biological activity. Neither protein 
disulfide isomerase nor thioredoxin were the reductases used by 
cultured cells, because immunodepletion of conditioned medium of these 
proteins did not affect angiostatin generating activity. The plasmin 
reductase secreted by HT1080 cells required a small cofactor for activity, 
and physiologically relevant concentrations of reduced glutathione 
fulfilled this role. These results have consequences for plasmin activity 
and angiogenesis, particularly in the context of tumor growth 
and metastasis. Moreover, this is the first demonstration of 
extracellular reduction of a protein disulfide bond, which has general 
implications for cell biology. 
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AB Thiol compounds, such as L-cysteine and glutathione 

(GSH) , play crucial roles in the regulation of lymphocyte 
proliferation. In this study, we analyzed the effect of L-cystine 
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and GSH depletion on lymphocyte survival and investigated the regulatory 
roles of adult T cell leukemia (ATL) -derived factor (ADF) /human 
thioredoxin (hTRX) in relation to these low m.w. thiols. 
MT-1, MT-2, and Jurkat cells underwent apoptosis when cultured in the 
L-cystine- and GSH-free medium within 18 to 24 h. Dichlorof luorescin 
oxidation assay indicated that the apoptosis in MT-1 and MT-2 cells was 
preceded by an increase in the level of intracellular hydrogen peroxide 
(H202) . The addition of catalase and recombinant ADF /hTRX { rADF ) 
partially blocked the apoptosis in a dose -dependent manner. rADF has been 
also shown to enhance the internalization of L-cystine into MT-2 cells in 
a dose-dependent manner, whereas oxidized rADF or mutated rADF that has no 
insulin-reducing activity failed to do so. Furthermore, culture in the 
L-cystine- and GSH-free medium lowered the cellular GSH content of PHA 
blasts, which was restored dose- dependent ly by rADF. These data suggest 
that the inability to neutralize oxidative stress results in the apoptosis 
of lymphoid cells under L-cystine- and GSH-depleted conditions. The 
protective effects of rADF may be explained by direct scavenging action on 
H202 (catalase-like activity) or by indirect neutralizing effects on the 
pro-oxidant status through enhancing the L-cystine internalization and 
elevating the intracellular GSH content. 
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AB The schizont stage of the protozoan parasite Theileria parva induces 
features characteristic of tumor cells in infected bovine T-cell 
lines. Most strikingly T. parva -infected cell lines acquire unlimited 
growth potential in vitro. Their proliferative state is 
entirely dependent on the presence of a viable parasite within the host 
cell cytoplasm. It has been postulated that parasite proteins either 
secreted into the host cell or expressed on the parasite surface membrane 
are involved in the parasite-host cell interaction. We used an in vitro 
transcription-translation-membrane translocation system to identify T. 
parva-derived cDNA clones encoding secretory or membrane proteins. Within 
600 clones we found one encoding a 17-kDa protein which is processed by 
microsomal membranes to a 14-kDa protein (HE) , presumably by signal 
peptidase. The processed form is expressed in the T-cell line TpM8 03 
harboring viable parasites. By immunolocalization we show that the HE 
protein mostly resides within the parasite, often in close vicinity to 
membranous structures, but in addition it appears at the surface membrane. 
Amino acid sequence comparison suggests that HE belongs to the 
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glutaredoxin family, but is unique so far in containing a signal 
sequence for endoplasmic reticulum membrane translocation. 
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Dietary intake of highly polyunsaturated fats represents a major source of 
lipid hydroperoxides in the intestinal lumen. Under conditions of high 
peroxide intake, excessive concentrations of lipid hydroperoxides can 
persist in the gut lumen and contribute to impairment of mucosal 
GSH-dependent detoxication pathways, enterocyte dysfunction independent of 
cell injury, and development of gut pathologies, including cancer 

This paper summarizes our current knowledge of the determinants of 
intestinal lipid hydroperoxide metabolism and of the physiological and 
biochemical processes in lipid peroxide-mediated changes in intestinal 
redox status, regulation of mucosal thiol and 

antioxidant balance and control of intestinal cell turnover. This 
discussion is pertinent to understanding dietary peroxides and 
thiol redox balance in intestinal physiology and 

pathophysiology and the potential benefit of oral GSH in preserving 
metabolic integrity of the intestinal epithelium. 
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AB The ability of certain transcription factors to bind to DNA has been 
demonstrated to be influenced by the redox environment. 
Therefore, fluctuations in the redox state of the cell may 
regulate the transcription of genes which control proliferation. 
To assess whether changes in the redox state may be related to 
proliferation, levels of oxidized (GSSG) and reduced (GSH) 
glutathione, the primary modulators of the redox state, 

were measured in cultures of varying densities of normal human fibroblasts 

which exhibit contact inhibition of proliferation, as well as 

fibrosarcoma cells, which lack this mechanism of growth control. 

Redox potentials calculated from normal, proliferating 

fibroblasts were found to be -34 mV more reducing than confluent, 

contact -inhibited cells. However, fibrosarcoma cells did not demonstrate 

this modulation in redox state. Further, to delineate whether 

these redox changes were the consequence or the cause of contact 

inhibition, cultures of subconfluent proliferating fibroblasts 

were treated with modulators of glutathione synthesis. 

Buthionine sul f oximine , an inhibitor of GSH synthesis, 

induced a less reducing redox state and decreased 

proliferation. In contrast, GSH synthesis precursors caused a 

more reduced redox state and increased proliferation. 

Collectively, these results suggest an interrelationship between 

redox state and growth control. 
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AB During proliferative glomerulonephritis, the early phase of 

mesangiolysis is linked to increased nitric oxide (NO-) production. 
NO- as well as superoxide (02-) are inflammatory mediators that are 
generated by mesangial cells (MC) after cytokine stimulation. Added 
individually, both radicals induce MC apoptosis. However, the 
co-existence of a defined NO-/02- ratio is cross -protective. 
Apoptosis is characterized by specific features such as chromatin 
condensation, DNA strand breaks, and the occurrence of apoptotic 
regulating proteins. The tumor suppressor p53 and Bax (Bcl-2 
associated protein x) are considered to be classical death promotors, 
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which accumulate after toxic insults. To study p53 and Bax protein 
accumulation in NO* and/or 02- induced apoptosis, we used the 
NO-donor S- nitrosoglutathione (GSNO) and the redox 

cycler 2 , 3-dimethoxy-l, 4-naphtoquione (DMNQ) . Both agonists initiated DNA 

fragmentation in a concentration dependent manner associated with 

transient p53 and Bax up-regulation . Co- generation of NO-/02- 

resulted not only in reduced DNA fragmentation, but also in decreased Bax 

accumulation. Comparable to the NO-/02-co- generation, cytokines 

failed to induce apoptosis. In contrast, cytokines in combination with 

pyrrolidine dithiocarbamate, which blocks endogenous superoxide 

dismutase, allowed p53 and Bax accumulation as well as DNA fragmentation. 

Our results demonstrate p53 and Bax as early components in NO* and 

02- induced rat MC apoptosis and point to the N0-/02- interaction 

as a naturally occurring cell defense mechanism. 
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AB Cells maintain an intracellular environment that is reducing in the face 
of all oxidizing extracellular environment. Regulated alterations in the 
intracellular redox state (redox signalling) can 

modulate events such as DNA synthesis, enzyme activation, selective gene 

expression and regulation of the cell cycle. The primary consequence of 

intracellular redox signalling is a change in the oxidation 

state of cysteine residues of key proteins. This review will examine a 

number of the cellular redox systems which are in place to 

control the redox state, including such proteins as 

glutathione and glutathione reductase. 

thioredoxin and thioredoxin reductase, the highly 

cysteine rich, metalothioneins and the Ref-1' protein which plays a role 
in the activity of AP-1 and NF-kB. Signalling processes will be 
identified which are dependent on the redox state of controlling 
proteins and are potential targets for drug development and include 
transcription factors whose activation is a prerequisite for growth faster 
stimulated growth. The development of drugs which exploit the cellular 
redox state has grown dramatically over the last few years as the 
understanding of cellular redox has burgeoned. This review will 
attempt to present the current state of knowledge of agents in this 
category including those which exploit the hypoxic cellular environment, 
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those which participate through antioxidant pathways and the evolving area 
of interest involving agents which alter the signalling process through 
protein thioalkylat ion . 
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Necrosis and apoptosis are two ways by which cells die. A major concept 
of apoptosis is that it is a controlled process. From this concept it 
follows that cells contain a molecule or molecules which under specific, 
regulated circumstances mediate cell death. Recent data confirm that 
oxygen free radicals can be mediators of apoptosis. Chemicals could 
induce apoptosis due to reactive oxygen species production and changes in 
the intracellular redox state. Therefore, a complete 

understanding of the processes involved in apoptosis, and mechanisms of 
its manipulation, could provide novel strategies to the control of 
xenobiotic toxicity and give an impetus to design new therapeutic 
interventions. 
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The effects of retinoic acid (RA) on the cell growth and expression of 
interleukin-2 (IL-2) receptor (IL-2RA/p55, Tac, CD25) by the human T 
lymphotropic virus type I positive (HTLV-I ( + )) T cell lines, HUT102 and 
ATL-2, were investigated. Incubation of these cells with RA resulted in 
marked growth inhibition and down-regulation of CD25 expression. Four 
clones of HUT102 cell lines were established by limiting dilution, and RA 
was shown to inhibit the growth and CD25 expression in three of these 
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clones, but in the fourth. However, RA did not induce growth inhibition of 
the HTLV- I -negative T cell lines, MOLT-4 and Jurkat, and of normal 
lymphocytes that had been stimulated wih phytohemagglutinin . We 
hydothesized that the sensivity to retinoids depends on an imbalance in 
intracellular redox potential. To examine the effect of 
exogenous thiol compounds for the growth inhibition of HTLV- I ( + 
) T cell lines induced by RA, these cell lines were cultured with serveral 
thiol compounds (ATL-derived factor, thioredoxin, L-cystine and 
glutathione (GSH) ) , following the addition of RA in 
thiol free medium. Unexpectedly, thiol compounds alone, 

when added after RA, did not restore the growth inhibition of HTLV-I ( + ) 
T cell lines induced by RA. However, when those cells were preincubated 
with thiol compounds for 24 hrs, no RA-induced growth inhibition 
was observed. These findings suggest that intracellular reductive 
environments induced by thiol compounds are associated with 
resistance to RA of HTLV-I ( + ) T cells, and that thiol 
compounds may play an important role in HTLV-I ( + ) T cell 
proliferation, (author abst.) 
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Aziridinylbenzoquinones are a group of antitumor agents that 
elicit cytotoxicity by generating either alkylating intermediates or 
reactive oxygen species. The mechanism of toxicity may not always, 
however, involve profound damage of cellular constituents, but may involve 
a cytostatic effect through interference with the cell cycle. In this 
context, we have examined the induction of the cell cycle inhibitor p21 
(WAF1, CIP1, or sdil) , whose overexpression suppresses the growth of 
various tumor cells, in human tumor cells metabolizing 
3, 6-diaziridinyl-l, 4-benzoquinone (DZQ) and its C2 , C5 -substituted 
derivatives: 2 , 5-bis- (carboethoxyamino) (AZQ) and 2, 5-bis-2(- 
hydroxyethylamino) (BZQ) . Both DZQ and AZQ were effectively activated by 
HCT116 human colonic carcinoma cells; the activation of the 
former involved largely a dicoumarol- sensitive activity, whereas that of 
the latter appeared to be accomplished primarily by one-electron transfer 
reductases. BZQ was not a substrate for the dicoumarol -sensitive enzyme 
in HCT116 cells. Cellular activation of the first two quinones was 
associated with formation of oxygen-centered radicals as detected by EPR 
in conjunction with the spin trap 5, 5 1 -dimethyl -1-pyrroline-N-oxide. The 
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redox transitions of DZQ involved hydroxyl radical formation and 
were strongly inhibited by catalase, whereas those of AZQ showed a strong 
superoxide anion component sensitive to superoxide dismutase. These 
signals were suppressed by N-acetylcysteine with 

concomitant production of a thiyl radical adduct . This suggests an 
effective electron transfer between the thiol and free radicals 
formed during the activation of these quinones . DZQ and AZQ induced 
significantly the expression of p21 in HCT116 cells, but a 10-fold higher 
concentration of AZQ was required to achieve the level of induction 
elicited by DZQ. BZQ had little effect on p21 expression. p21 induction 
at both mRNA and protein levels correlated with the inhibition of either 
eye 1 in -dependent kinase activity or cell proliferation, p21 
induction elicited by the above quinones was inhibited by N- 
acetylcysteine, whereas the non- sulfur analog, N-acetylalanine, 
was without effect. Catalase and superoxide dismutase did not effect p21 
induction by aziridinylbenzoquinones in HCT116 cells, thus suggesting that 
extracellular sources of oxygen radicals generated by plasma membrane 
reductases have no influence in the expression of this gene. Hydrogen 
peroxide, a product of quinone redox cycling, elicited an 
increase of p21 mRNA levels in HCT116 and K562 human chronic myelogenous 
leukemia cells. The latter lacks p53, one of the activators of p21 
transcription, thus suggesting that p21 expression can be accomplished in 
a p53- independent manner in these cells. This study suggests that p21 
induction is mediated by an increase in the cellular steady-state 
concentration of oxygen radicals and that the greater effectiveness in p21 
induction by DZQ may be related to its efficient metabolism by 
NAD (P) H: quinone oxidoreductase activity in HCT116 cells. 
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AB Selenium compounds like selenite and selenate have strung inhibitory 
effects, particularly on mammalian tumor cell growth by unknown 
mechanisms. We found that the addition of sodium selenite and sodium 
selenate inhibited the growth of human 3B6 and BL41 lymphocytes. Selenite 
was more potent because 10 fxM selenite produced a growth inhibitory 
effect similar to that of 250 nM selenate. The mechanism of action of 
selenite and selenate appears to be different. 3B6 and BL41 cells treated 
with selenite accumulated in the S-phase; however, selenate caused an 
accumulation of cells in G2 . Selenite- mediated growth inhibition was 
irreversible, although the effects of selenate could be reversed. 
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Selenite, in contrast to selenate, is efficiently reduced by the 
thioredoxin system (thioredoxin, thioredoxin 

reductase, and NADPH) . At concentrations required to observe a similar 
effect on cell growth, the activity of thioredoxin reductase, 
recently shown to be a selenoprotein, increased in selenite-treated cells 
and decreased in selenate-treated cells. Ribonucleotide reductase 
activity was inhibited in an in vitro assay by selenite and 
selenodiglutathione but not by selenate. These results show that 
selenite and selenate use different mechanisms to inhibit cell growth. 
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AB Thioredoxin (Trx) is a widely distributed redox 

protein that regulates several intracellular redox- dependent 

processes and stimulates the proliferation of both normal and 

tumor cells. We have found that when stored in the absence of 

reducing agents, human recombinant Trx undergoes spontaneous oxidation, 

losing its ability to stimulate cell growth, but is still a substrate for 

NADPH-dependent reduction by human thioredoxin reductase. There 

is a slower spontaneous conversion of Trx to a homodimer that is not a 

substrate for reduction by thioredoxin reductase and that does 

not stimulate cell proliferation. Both conversions can be 

induced by chemical oxidants and are reversible by treatment with the 

thiol reducing agent dithiothreitol . SDS-PAGE suggests 

that Trx undergoes oxidation to monomer ic form{s) preceding dimer 

formation. We have recently shown by X-ray crystallography that Trx forms 

a dimer that is stabilized by an intermolecular Cys73-Cys73 disulfide 

bond. A Cys73-->Ser mutant Trx (C73S) was prepared to determine the role 

of Cys73 in oxidative stability and growth stimulation. C73S was as 

effective as Trx in stimulating cell growth and was a comparable substrate 

for thioredoxin reductase. C73S did not show spontaneous or 

oxidant -induced loss of activity and did not form a dimer. The results 

suggest that Trx can exist in monomeric forms, some of which are mediated 

by Cys73 that do not stimulate cell proliferation but can be 

reduced by thioredoxin reductase. Cys73 is also involved in 

formation of an enzymatically inactive homodimer, which occurs on long 

term storage or by chemical oxidation. Thus, although clearly involved in 

protein inactivation, Cys73 is not necessary for the growth stimulating 

activity of Trx. 
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AB Many inflammatory diseases are associated with a hypoprol iterative 
anaemia. Patients with this anaemia often present with serum 
erythropoietin (EPO) concentrations that are too low for the degree of 
their anaemia. Proinflammatory cytokines, in addition to their inhibitory 
effects on proliferation of erythroid progenitors, could 

contribute to the pathogenesis of this anaemia by reducing EPO production. 
Because several cytokines stimulate nitric oxide (NO) synthase we propose 
that nitric oxide might mediate the suppression of EPO production during 
inflammation. In order to test this hypothesis we investigated the 
effects of NO donors on 24 -h hypoxia -induced EPO production in the 
hepatocellular carcinoma cell line HepG2 . Following application 
of the NO donors sodium nitroprusside (SNP) , 3 -morpholinosydnonimine 
(SIN-1) , and S-nitroso-N-acetyl-D, L-penicillamine (SNAP) , EPO production 
was dose-dependently reduced: compared to the untreated control EPO 
production was lowered by 89% with SNP (1000 yM) , by 66% with SIN-1 
(1000 nM) , and by 72% with SNAP (500 nM) . In contrast, 8-bromo-cGMP 
did not inhibit EPO formation. Since pyrogallol (300 \M) and H202 (250 
\M) showed a comparable suppression of EPO synthesis, we propose that 
NO might affect EPO production either by a similar direct influence on the 
cellular redox state or via increasing the cellular content of 
reactive oxygen species. 
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expression of GSTP1-1 are associated with cell 
embryogenesis and malignancy. Given the role of 
glutathione S-transf erase (GST) in detoxication, it is possible 
that GSTP1-1 evolved specifically to protect proliferating cells 
and share regulatory mechanisms with other cellular genes which are 
involved in cell division and tumor igenes is . We have previously 
shown that the expression of GSTP1 is suppressed by retinoic acid (RA) in 
the presence of the retinoic acid receptor (RAR) as a result of decreased 
transcription from its promoter. Through deletion analysis, we show here 
that the RA-RAR-dependent repression is mediated by the region -73 to +8. 
Further mutation analysis of this region indicates that the DNA sequence 
required for RA-RAR-dependent repression co- localizes with a consensus 
activator protein-1 (API) site essential for the promoter activity. The 
degree of repression correlates with the residual activity of the API 
site. There are two adjacent G/C boxes. The one immediately downstream 
from the API site is not essential for the promoter activity, but mutation 
of the second, further downstream, impairs the promoter. On the other 
hand, mutation of either of these two G/C boxes has little effect on 
RA-RAR suppression. We also show that the expression of GSTP1 is 
regulated by the redox status of the cell. Using the 

chloramphenicol acetyltransf erase assay system, we have demonstrated that 
treatment with H202 induced transcription from the promoter and that this 
effect can be blocked by pre- incubation with N- 

acetylcysteine (NAG) . It was shown that the induction by H202, is 

mediated by trans-acting factor NF-kB (nuclear factor kB) , via 

a putative NF-kB site, 'GGGACCCTCC' , located from -96 to -86. 

Co-transf ection with an NF-kB expression construct increased the 

promoter activity, an effect which could be blocked by co-transf ection 

with an IkB (MAD-3) expression construct. Deletion of the 

NF-kB site abolished the effect of both H202, and co-transf ection of 

NF-kB. Interestingly, NAC is also an inducer for GSTP1. 

The effect of NAC was shown to be mediated largely by the API 

site, since mutation of this site abolished the induction by NAG. 
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AB Latent matrix metal lop rot einases (MMPs) in normal myocardium are activated 
in end-stage heart failure. In vitro oxidized glutathione 
(GSSG) activates myocardial MMPs which contains a cysteine residue. In 
vivo GSSG induce the collagen lysis and cardiac dilatation. To assess 
whether thiol and non-thiol reducing agents have 
direct effect on the interstitial human heart fibroblast (HHF) 
proliferation and MMP expression, HHF and polyoma virus 
transformed fibroblast cells were cultured with or without the 
thiol-containing reduced (GSH) or oxidized (GSSG) 
glutathiones, pyrrolidine dithiocarbamate (PDTC) and 
N-acetylcysteine (NAC) , and non-thiol 

ascorbic acid. After 100 micrograms/ml (approximately 0.3 mM) GSH or PDTC 
treatment the proliferative (synthetic) phenotype of transformed 
fibroblast cells was changed to quiescent (contractile) phenotype. Also, 
after GSH, PDTC, and ascorbic acid treatment the medium was then analyzed 
for MMP activity by zymography. The results indicate reduction in MMP 
expression in transformed fibroblast cells after GSH and PDTC treatments 
and no effect after ascorbic acid treatment. Based on reverse zymography, 
we observed the level of tissue inhibitor of metalloproteinase (TIMP) at a 
decreased level in transformed cells. The effect of the reducing agent at 
the gene transcription was measured by estimating mRNA (Northern blot 
analysis) of MMP and of TIMP in the cells that were cultured in medium in 
the presence and absence of GSH. These results indicate that GSH induces 
MMP-2 and MMP-1 expression in normal HHF and that GSH reduces MMP-2 and 
MMP-1 in transformed fibroblast cells. After the treatment, the TIMP-2 
level was repressed in normal HHF and TIMP-2 level increased in 
transformed fibroblast cells. These events are dependent on the nuclear 
transcription factor activity on the collagenase promoter in normal HHF 
cells. On the other hand, in polyoma transform fibroblast cells these 
events are not dependent on this collagenase promoter. These results 
suggest that oxidative environment induces normal HHF cell 
proliferation, and the reducing agent decreases normal HHF cell 
proliferation by inducing MMP and repressing TIMP gene 
transcription. In transformed cells reducing agents inhibit MMP 
expression and increase TIMP levels, which suggests a role of antioxidants 
in preventing tumor igenesis . 
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AB Anthracycline- induced cardiotoxicity is believed to be related to the 
generation of reactive oxygen species by at least two mechanisms: 
enzymatic reduction of the quinone with subsequent redox cycling 
and/or formation of an iron-anthracycline complex capable of 
intramolecular reduction and redox cycling. Both pathways may 
lead to the production of superoxide anions and highly reactive 
metabolites, such as hydroxyl radicals and hydrogen peroxide. As a 
result, membrane lipid peroxidation may ensue, producing damage in tissues 
like the heart, which have low antioxidant defenses (superoxide dismutase 
glutathione and especially, glutathione-peroxidase) . 

Pharmacologic methods of interrupting this cycle have involved numerous 
antioxidants, such as the sulfhydryls N-acetylcysteine 
and cysteamine, and the lipophilic vitamin alpha tocopherol. 
Unfortunately, none of these compounds has been proven to be 
cardioprotective in patients receiving doxorubitin. In contrast, the 
water-soluble d-isomer of the iron chelator razoxane, dexrazoxane or 
ICRF-187, has been shown to reduce doxorubicin- induced cardiomyopathy. 
This has afforded greater cumulative doses of doxorubicin to be safely 
administered. The cytoprotective effect is apparently limited to the 
heart since there is no effect on antitumor efficacy and, 
unfortunately, no reduction in gastrointestinal toxicity, and with a 
slight increase in myelosuppression. More recent preclinical studies have 
also demonstrated cardioprotective activity for the aminothiol 
amifostine (WR-2721) . In vitro, this agent has been shown to scavenge 
superoxide anions and hydroxyl radicals, the latter effect mediated by the 
active (dephosphorylated) metabolite, WR-1065. In tumor-bearing 
mice, amifostine reduces the lethality of high doses of doxorubicin 
without affecting antitumor activity. Finally, in vitro studies 
in neonatal rat heart cells have shown direct evidence of anthracycline 
cardioprotection for both amifostine and WR-1065. Cytoprotective drug 
levels of either agent were limited to 2 . 0 M-g/mL, which is one tenth of 
the achievable peak plasma levels in humans. At this concentration, a 
15-minute sulfhydryl pretreatment significantly prevented 
doxorubicin- induced depressions of myocyte adenosine triphosphate levels. 
Overall, these studies suggest that amifostine may have cytoprotective 
activity against doxorubicin- induced cardiac damage. Animal studies in a 
chronically dosed doxorubicin model are indicated; if positive, clinical 
trials testing this hypothesis will be warranted. 
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superoxide or hydrogen peroxide in vitro either in response to specific 
cytokine/growth factor stimulus or constitutively in the case of 
tumour cells. These species at submicromolar levels appear to act 
as novel intra and intercellular "messengers' capable of promoting growth 
responses in culture. The mechanisms may involve direct interaction with 
specific receptors or oxidation of growth signal transduction molecules 
such as protein kinases, protein phosphatases, transcription factors, or 
transcription factor inhibitors. It is also possible that hydrogen 
peroxide may modulate the redox state and activity of these 
important signal transduction proteins indirectly through changes in 
cellular levels of GSH and GSSG. Critical balances appear to exist in 
relation to cell proliferation on one hand and lipid 
peroxidation and cell death on the other. Progression to a more 
prooxidant state whilst initially leading to enhanced 
proliferative responses results subsequently in increased cell 
death . 
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Thioredoxin (TRX) , a disul fide-reducing intracellular 
dithiol enzyme, is synthesized by both normal liver cells and the 
hepatocarcinoma cell line HepG2 . Only the former, however, 
secrete abundant TRX extracellularly . When cultured in mild reducing 
conditions, HepG2 cells but not normal hepatocytes increase the rate of 
TRX secretion and undergo growth inhibition accompanied by morphological 
changes. Also, recombinant TRX inhibits proliferation of HepG2 
cells. In contrast, exogenous thiols and TRX stimulate 
proliferation of a B-cell lymphoma line, indicating that different 
cell types respond differently to variations in the extracellular 
redox potential . 
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We investigated the intracellular glutathione redox 

status in isolated lymphocyte subpopulations and monocytes in patients 
with human immunodeficiency virus type 1 (HIV-1) infection and in healthy 
controls. CD4 + lymphocytes from HIV-l-inf ected patients were primarily 
characterized by a substantial increase in oxidized glutathione 
levels and a considerable decrease in the ratio of reduced to total 
glutathione, in most cases below 0.5 in patients with symptomatic 
HIV-1 infection, rather than decreased levels of reduced 
glutathione. The increase in oxidized glutathione was 
strongly correlated with low numbers of CD4+ lymphocytes an peripheral 
blood and impaired stimulated interleukin-2 production and 
proliferation in peripheral blood mononuclear cells, which is 
compatible with an immunopathogenic role for these redox 

disturbances. The HIV-1 -infected patients with the most advanced clinical 
and immunologic disease were also characterized by an increase in levels 
of reduced glutathione in monocytes, suggesting that the 
glutathione redox cycle may be differentially regulated 

in CD4+ lymphocytes and monocytes. We could not confirm previous reports 
suggesting cysteine deficiency as a major cause of disturbed 
glutathione homeostasis during HIV-1 infection. The demonstrated 
glutathione abnormalities were correlated with raised serum levels 
of tumor necrosis factor a. These findings suggest that a 
therapeutical approach, which can restore the glutathione 
redox dysbalance in CD4 + lymphocytes and decrease the inflammatory 
stress, may be worthwhile exploring in HIV-1 infection. 
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AB Hydroquinone (HQ) produced renal adenomas in male F344 rats, and these 
tumors appeared to arise from areas of spontaneous progressive 
nephropathy; the nephropathy itself has been found to be enhanced by HQ. 
Other neoplasms were not confirmed to be causally related to HQ 
among the reported bioassays. In the male F344 rat, HQ administered alone 
was not DNA reactive. HQ produced enhanced proliferation of 
renal tubular epithelium, presumably through toxicity involving 
glutathione conjugate formation. In the kidney, bone marrow, and 
other tissues, HQ may induce toxicity by redox cycling and lipid 
peroxidation. In bone marrow, HQ may produce microtubulin dysfunction, 
which is a plausible explanation for positive cytogenetic tests, the only 
consistently positive genotoxicity effect reported for HQ. Although HQ is 
a metabolic product of benzene, several lines of evidence suggest that the 
effects of HQ exposure are significantly different from those of benzene. 
Based upon the plausible mechanisms by which HQ may produce kidney 
tumors in male rats, we have concluded that occupational exposure 
levels of HQ are not predicted to be a cancer risk for humans. 
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AB The proliferative response of PBMC to PHA, Con A, OKT3 mAb and 
IL-2 -dependent proliferation of PHA-blasts was examined in a 
thiol -free environment (cultured in a L- cystine- and GSH-free 
medium) . [3H] TdR incorporation assay and cell cycle analysis revealed that 
stimulated PBMC could not enter the S phase when deprived of these 
thiol compounds. In thiol-free cultures, an increase in 
intracellular free Ca2+ concentration and IL-2R alpha-chain/p 55 (Tac) 
induction was still observed, whereas transferrin receptor induction was 
markedly reduced, suggesting that the proliferative response of 
mitogenically stimulated PBMC was arrested in the late Gl phase in which 
transferrin receptor is induced. In GSH-depleted cultures, a similar 
reduction of the proliferative response of PBMC and PHA-blasts 
was observed when the concentration of L-cystine was lowered, in a 
dose -dependent manner. Each reduction or loss of proliferative 
response was partially restored by supplementation of 2 -ME or adult T cell 
leukemia-derived factor (ADF) /human thioredoxin which is 
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considered to be an endogenous dithiol-reducing factor. 

L-Cystine transport analysis showed that mitogenically stimulated PBMC and 
PHA blasts incorporated L-cystine, whereas resting PBMC did not. 
Furthermore, ADF as well as 2-ME exhibited an enhancing activity on the 
L-cystine transport in PHA blasts. Together with the fact that L-cystine 
transport is a limiting step in glutathione synthesis, these 
findings suggest that GSH and ADF might cooperate in the thiol 
-mediated redox regulation process and might also play key roles 
in cell cycle (late Gl to S) progression of activated lymphocytes. 
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Studies presented here show that altering the intracellular redox 
balance by decreasing glutathione levels profoundly affects 
early signal transduction events in human T cells. In a T-cell receptor 
(TCR) signaling model, short- term pretreatment with buthionine 
sulfoximine, which specifically decreases intracellular 
glutathione, essentially abrogates the stimulation of calcium 
influx by anti-CD3 antibodies without significantly impairing other 
aspects of TCR-initiated signal transduction, such as overall levels of 
TCR- stimulated tyrosine phosphorylation. In an inflammatory-cytokine 
signaling model, the failure of tumor necrosis factor a to 
stimulate more than minimal tyrosine phosphorylation in lymphocytes is 
overcome by buthionine sulfoximine pretreatment -i . e . , 
tumor necrosis factor a stimulates extensive tyrosine 
phosphorylation in glutathione-depleted lymphocytes. These 
redox-dependent changes in T-cell responsiveness suggest that the 
glutathione deficiency that we and others have demonstrated in 
human immunodeficiency virus -infected individuals may contribute 
significantly to the immunodeficiency and the increased inflammatory 
reactions in these individuals. 



SOURCE 



COUNTRY : 
DOCUMENT TYPE: 
FILE SEGMENT: 

LANGUAGE : 
SUMMARY LANGUAGE 
ENTRY DATE: 



AB 



L38 ANSWER 62 OF 67 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



AUTHOR : 

CORPORATE SOURCE: 



MEDLINE on STN 



DUPLICATE 25 



95019213 MEDLINE 
PubMed ID: 7933622 

Measurement of ADF/thioredoxin in human serum and 
its clinical significance. 
Kitaoka Y; Sachi Y; Mori T; Yodoi J 

Department of Biological Responses, Kyoto University. 



Searched by Mary Jane Ruhl Ext. 22524 



Page 108 



Spivack 09/913,435 



17/09/2005 



PUB . COUNTRY : 
DOCUMENT TYPE 
LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



AB 



SOURCE: Rinsho byori. Japanese journal of clinical pathology, (1994 

Aug) 42 (8) 853-9. 

Journal code: 2984781R. ISSN: 0047-1860. 
Japan 

Journal; Article; (JOURNAL ARTICLE) 
Japanese 

Priority Journals; AIDS 
199411 

Entered STN: 19941222 
Last Updated on STN: 19941222 
Entered Medline: 19941104 
The adult T cell leukemia (ATL) -derived factor (ADF) was first described 
as an interleukin 2 receptor alpha chain (IL-2R alpha) inducing factor 
which is produced by an HTLV-I infected cell line. Subsequent 
purification and gene cloning proved that it is a human homologue of a 
bacterial reducing coenzyme, thioredoxin (TRX) . ADF/human TRX 
(hTRX) has multiple functions both in the extracellular and intracellular 
compartments, such as cytokine activity, dithiol-reducing 
activity and radical scavenging activity. ADF/hTRX can facilitate the 
interactions between the transcriptional factors and its target DNA 
sequences, which may result in the overexpression of IL -2R alpha in 
HTLV-I infected cells. Recently, we have detected the presence of 
ADF/hTRX in human serum (sADF) obtained from healthy volunteers using the 
insulin reducing assay and Western blotting analysis. Another endogenous 
redox regulator, glutathione (GSH) system, has long been 
studied for its relation to cell proliferation and activation. 
Our recent data showed that thiol compounds such as L-cysteine 
and GSH may be involved in the activation and cell cycle progression of 
stimulated lymphocytes. We have also found that ADF/hTRX promotes 
L-cysteine transport into the cells and increases intracellular GSH 
content, indicating the close association between ADF/hTRX and GSH 
systems. Redox regulation by ADF/hTRX and GSH systems seems to 
play an important role in regulating cell proliferation and 
activation. To assess the possible alteration of the sADF level in 
pathological conditions, such as viral infections, an ELISA system for 
ADF/hTRX was recently established using two different monoclonal 
antibodies against rADF. (ABSTRACT TRUNCATED AT 250 WORDS) 
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AB B-chronic lymphocytic leukaemia (B-CLL) and hairy cell leukaemia cells 
(HCL) are refractory to stimulation by several cytokines which activate 
normal B-cells. However, tumour necrosis factor (TNF) promotes 
the proliferation of these cells. TNF regulates some of its 
cellular responses via the transcription factor NF-kB. Using an 
electrophoretic mobility shift assay, we demonstrate that TNF treatment of 
B-CLL and HCL cells in vitro resulted in the augmentation of NF-kB 
levels. In haemopoietic cell lines, TNF induction of NF-kB is 
mediated via the generation of reactive oxygen intermediates and by the 
activation of protein kinase C (PKC) . We have used activators and 
inhibitors of these pathways to unravel TNF signalling in the cells of ten 
patients with B-CLL and two with HCL, using the increase in NF-kB 
levels following TNF treatment as an end point. Raising 
glutathione levels with N-acetyl cysteine substantially reduced 
NF-kB induction by TNF in two of four samples, as did treatment of 
cells with the antioxidant butyl at ed-hydroxytoluene in all three samples 
tested. These data suggest that redox mechanisms are involved 
in TNF signalling in these cells. Treatment with the PKC activator 
phorbol myristate acetate failed to activate NF-kB suggesting that 
this enzyme does not mediate the induction of NF-kB in these cells. 
However, the protein kinase inhibitor staurosporine inhibited TNF 
induction of NF-kB in four of five samples, suggesting that 
staurosporine- sensitive protein kinases (other than PKC) are involved in 
the signalling pathway. Our results suggest that PKC- independent 
pathways, including pathways sensitive to redox reagents, 
mediate the induction of NF-kB by TNF in chronic B-leukaemia cells. 
Additionally, these data suggest that defects in PKC-mediated pathways may 
contribute to the general reluctance of B-CLL and HCL cells to respond to 
mitogenic signals. 
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AB N-Acetylcysteine (NAC) is a well established 

thiol antioxidant which, after uptake, deacylation and conversion 

to glutathione functions as both a redox buffer and a 

reactive oxygen intermediate scavenger. We report here that NAC 

completely blocks activation induced death and associated DNA 

fragmentation of myelin basic protein (MBP) specific T cell hybridomas. 

Conversely, NAC had very little effect on the antigen driven 

proliferation of a MBP specific T cell line similar to that from 
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which the hybridomas were derived. NAC displayed an analogous 

absolute inhibition of mitogen mediated activation induced death, even if 

added up to 3 h post activation. Although glutathione was as 

efficient as NAC at blocking activation induced death, 

dithiothreitol displayed minimal inhibition while L-cysteine had 

no effect at all. The observation that certain thiol 

antioxidants such as NAC and glutathione can 

completely block the activation induced death of T cell hybridomas 
implicates redox regulation in this process. 
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Excessive production of reactive oxygen species (ROS) is a recognized 
cause of cell injury. In contrast to such well recognized cell injury, 
oxidative stress plays a role in cell proliferation, 
differentiation and tumor promotion. This review examines the 
role of oxidative stress in initiating and promoting the establishment of 
normal or abnormal neuronal patterns and subsequent neurogenesis within 
the central and peripheral nervous system. In particular, the role of 
apoptosis in both normal and abnormal neuronal development and maturation 
will be examined with especial reference to the induction of apoptotic 
cell death following abusive ligand- induced ion movements. The 
interaction of oxidant stress and immediate-early response gene activation 
is discussed with further reference to the induction of apoptosis. While 
glutamate receptor activation appears mandatory for coordinate maturation 
and neuritogenesis, such neuronal survival and differentiation is 
intimately dependent upon the intracellular glutathione 
redox potential, maintained by cystine uptake. Selected examples 
of reactive oxygen species induced injury pertaining to developmental 
neurotoxicology are presented and include starvation, irradiation injury 
and glutamate excitotoxicity . 
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The cytotoxic or cytostatic effect of the combined use of human 
lymphotoxin (LT) with 1- (4-amino-2-methyl-5-pyrimidinyl) methyl-3 - (2- 
chloroethyl) -3-nitrosour ea hydrochloride (ACNU) on cells or Meth A 
tumor cells was studied. Simultaneous addition of LT derived from 
a human lymphoid cell line with ACNU (2 00 or 500 ug/ml) significantly 
augmented the cytotoxic effect. Similar augmented inhibition was obtained 
when LT was added to ACNU-treated L cells. The pre-treatment of Meth A 
tumor cells with ACNU (25 or 50 ug/ml) augmented recombinant 
human LT-mediated cytostasis. However, the addition of 
glutathione (1.0 mg/ml) to ACNU-treated Meth A tumor 
cells significantly nullified the augmented antiproliferative 
effect of LT (10 U/ml) . These results suggest that augmentation of the 
anti-prolif erative effect on tumor cells could be 
induced through the combined use of LT with ACNU by lowering the 
intracellular level of glutathione. 
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AB Glutathione (GSH) depletion to .simeq. 5% of control for 48 h or 
longer by 0.05 mM L-buthionine sulfoximine (BSO) led 
to appreciable toxicity for the 66 murine mammary carcinoma 
cells growing in vitro [L.A. Dethlefsen et al., Int. J. Radiat . 
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Biol. Phys. 12, 1157-1160 (1986)]. Such toxicity in normal, 
proliferating cells in vivo would be undesirable. Thus the toxic 
effects after acute GSH depletion to .simeq. 5% of control by BSO plus 
dimethyl fumarate (DMF) were evaluated in these same 66 cells to determine 
if this ant i -proliferative effect could be minimized. Two hours 
of 0.025 mM DMF reduced GSH to 45% of control, while 6 h of 0.05 mM BSO 
reduced it to 16%. However, BSO (6 h) plus DMF (2 h) and BSO (24 h) plus 
DMF (2 h) reduced GSH to 4 and 2%, respectively. The incorporation 
(15-min pulses) of radioactive precursors into protein and RNA were 
unaffected by these treatment protocols. In contrast, cell growth was 
only modestly affected, but the incorporation of [3H] thymidine into DNA 
was reduced to 64% of control by the BSO (24 h) plus DMF (2 h) protocol 
even though it was unaffected by the BSO (6 h) plus DMF (2 h) treatment. 
The cellular plating efficiencies from both protocols were reduced to 
.simeq. 75% of control cells. However, the aerobic radiation response, as 
measured by cell survival, was not modified at doses of either 4.0 or 8.0 
Gy. The growth rates of treated cultures, after drug removal, quickly 
returned to control rates and the resynthesis of GSH in cells from both 
protocols was also rapid. The GSH levels after either protocol were 
slightly above control by 12 h after drug removal, dramatically over 
control (.simeq. 200%) by 24 h, and back to normal by 48 h. Thus even a 
relatively short treatment with BSO and DMF resulting in a GSH depletion 
to 2-5% of control had a marked effect on DNA synthesis and plating 
efficiency and a modest effect on cellular growth. One cannot rule out a 
direct effect of the drugs, but presumably the antiproliferative 
effects are due to a depletion of nuclear GSH with the subsequent 
inhibition of the GSH/glutaredoxin-mediated conversion of 
ribonucleotides to deoxyribonucleotides . However, even after extended 
treatment, upon drug removal, GSH was rapidly resynthesized and cellular 
DNA synthesis and growth quickly resumed. 
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and variants thereof, are described wherein 98P4B6 exhibits tissue 

specific expression in normal adult tissue, and is aberrantly expressed 

in the cancers listed in Table I. Consequently, 98P4B6 

provides a diagnostic, prognostic, prophylactic and/or therapeutic 

target for cancer. The 98P4B6 gene or fragment thereof, or its 

encoded protein, or variants thereof, or a fragment thereof, can be used 

to elicit a humoral or cellular immune response; antibodies or T cells 

reactive with 98P4B6 can be used in active or passive immunization. 
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AB Mammals are treated for infections or for conditions associated with 
pathologically proliferating mammalian cell growth (for 
example certain cancers, restenosis, benign prostatic 

hypertrophy) by administration of a manipulator of nitrosative stress to 
selectively kill or reduce the growth of the microbes or helminths 
causing the infection or of host cells infected with the microbes or of 
the pathologically proliferating mammalian cells. Novel agents 
include a-alkyl-S-alkyl -homocysteine sulfoximines wherein the 
a -alky 1 contains 2 to 8 carbon atoms, and the S-alkyl -contains 1 
to 10 carbon atoms. In another invention herein, mammals in need of 
increased nitrosative stress defenses are treated, e.g., humans at risk 
for a stroke because of having had a transient ischemic attack, are 
treated. Treatments to increase nitrosative stress defenses include, for 
example, repeated administrations of low doses of manipulators of 
nitrosative stress so that the subject treated has increased tolerance 
to nitrosative stress. In still another invention, mammals are treated 
for protozoal infections by systemic administration of 

L-buthionine-S-sulf oximine and agent that increases nitrosative stress. 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB The present invention relates to novel human secreted proteins and 
isolated nucleic acids containing the coding regions of the genes 
encoding such proteins. Also provided are vectors, host cells, 
antibodies, and recombinant methods for producing human secreted 
proteins. The invention further relates to diagnostic and therapeutic 
methods useful for diagnosing and treating diseases, disorders, and/or 
conditions related to these novel human secreted proteins. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB Mammals are treated for infections or for conditions associated with 
pathologically proliferating mammalian cell growth (for 
example, certain cancers, restenosis, benign prostatic 

hypertrophy) by administration of a manipulator of nitrosative stress to 
selectively kill or reduce the growth of the microbes or helminths 
causing the infection or of host cells infected with the microbes or of 
the pathologically proliferating mammalian cells. Novel agents 
include a-alkyl-S-alkyl -homocysteine sulfoximines wherein the 
a-alkyl contains 2 to 8 carbon atoms, and the S-alkyl- contains 1 
to 10 carbon atoms. In another invention herein, mammals in need of 
increased nitrosative stress defenses are treated, e.g., humans at risk 
for a stroke because of having had a transient ischemic attack, are 
treated. Treatments to increase nitrosative stress defenses include, for 
example, repeated administrations of low doses of manipulators of 
nitrosative stress so that the subject treated has increased tolerance 
to nitrosative stress. In still another invention, mammals are treated 
for protozoal infections by systemic administration of 

L-buthionine-S-sulfoximine and agent that increases nitrosative stress. 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
AB 



Mammals are treated for infections or for conditions associated with 
pathologically proliferating mammalian cell growth (for 
example, certain cancers, restenosis, benign prostatic 

hypertrophy) by administration of a manipulator of nitrosative stress to 
selectively kill or reduce the growth of the microbes or helminths 
causing the infection or of host cells infected with the microbes or of 
the pathologically proliferating mammalian cells. Novel agents 
include a-alkyl-S-alkyl -homocysteine sulfoximines wherein the 
a- alky 1 contains 2 to 8 carbon atoms, and the S-alkyl- contains 1 
to 10 carbon atoms. In another invention herein, mammals in need of 
increased nitrosative stress defenses are treated, e.g. , humans at risk 
for a stroke because of having had a transient ischemic attack, are 
treated. Treatments to increase nitrosative stress defenses include, for 
example, repeated administrations of low doses of manipulators of 
nitrosative stress so that the subject treated has increased tolerance 
to nitrosative stress. In still another invention, mammals are treated 
for protozoal infections by systemic administration of 

L-buthionine-S-sulf oximine and agent that increases nitrosative stress. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB Mammals are treated for infection or for conditions associated with 
pathologically proliferating mammalian cell growth (for 
example, certain cancers, restenosis, benign prostatic 

hypertrophy) by administration of a manipulator of nitrosative stress to 
selectively kill or reduce the growth of the microbes or helminths 
causing the infection or of host cells infected with the microbes or of 
the pathologically proliferating mammalian cells. Novel agents 
include a-alkyl-S-alkyl-homocysteine sulfoximines wherein the 
a-alkyl contains 2 to 8 carbon atoms, and the S-alkyl- contains 1 
to 10 carbon atoms. In another invention herein, mammals in need of 
increased nitrosative stress defenses are treated, e.g., humans at risk 
for a stroke because of having had a transient ischemic attack, are 
treated. Treatments to increase nitrosative stress defenses include, for 
example, repeated administrations of low doses of manipulators of 
nitrosative stress so that the subject treated has increased tolerance 
to nitrosative stress. In still another invention, mammals are treated 
for protozoal infections by systemic administration of 

L-buthionine-S-sulfoximine and agent that increases nitrosative stress. 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
AB Mammals are treated for infections or 



for conditions associated with 



pathologically proliferating mammalian cell growth (for 
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example, certain cancers, restenosis, benign prostatic 

hypertrophy) by administration of a manipulator of nitrosative stress to 
selectively kill or reduce the growth of the microbes or helminths 
causing the infection or of host cells infected with the microbes or of 
the pathologically proliferating mammalian cells. Novel agents 
include ct-alkyl-S-alkyl -homocysteine sulfoximines wherein the 
a-alkyl contains 2 to 8 carbon atoms, and the S-alkyl -contains 1 
to 10 carbon atoms. In another invention herein, mammals in need of 
increased nitrosative stress defenses are treated, e.g., humans at risk 
for a stroke because of having had a transient ischemic attack, are 
treated. Treatments to increase nitrosative stress defenses include, for 
example, repeated administrations of low doses of manipulators of 
nitrosative stress so that the subject treated has increased tolerance 
to nitrosative stress. In still another invention, mammals are treated 
for protozoal infections by systemic administration of 

L-buthionine-S-sulfoximine and agent that increases nitrosative stress. 



CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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INDEXING IS AVAILABLE FOR THIS PATENT. 

Disclosed is the family of genes responsible for the neurodegenerative 
diseases, particularly Amyotrophic Lateral Sclerosis. Methods and 
compounds for the diagnosis, prevention, and therapy of the disease are 
also disclosed. 
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=> d his ful 

(FILE 'HOME' ENTERED AT 16:52:53 ON 17 SEP 2005) 
FILE 'REGISTRY' ENTERED AT 16:56:53 ON 17 SEP 2005 



LI 




1 


SEA 


ABB=ON 


ETHACRYNIC ACID/CN 


L2 




1 


SEA 


ABB = ON 


PDTC/CN 


L3 




0 


SEA 


ABB=ON 


2,3-DIMERCAPTO-l-PROPANE SULFONIC ACID/CN 


L4 




1 


SEA 


ABB = ON 


2, 3 -DIMERC^VPTO-1- PROPANESULFONI C ACID/CN 


L5 




1 


SEA 


ABB = ON 


D I TH I O CARBAMATE / CN 


L6 




1 


SEA 


ABB = ON 


D I TH I OTHRE I TOL/ CN 


L7 
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SEA 


ABB = ON 


GLUTATHIONE ESTER/CN 


L8 
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SEA 


ABB = ON 


BUTHIONINE SULFOXIMINE/CN 


L9 
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SEA 


ABB = ON 


METHIONINE SULFOXIMINE/CN 


T.I 0 
IjX U 




n 

\j 




ARR-DN 

■t\LJ J_J — WIN 


M-ATRTYL, CY^TEINE/CN 


Lll 




1 


SEA 


ABB = ON 


N - ACETYLCYSTE I NE/ CN 


L12 




1 


SEA 


ABB^ON 


CYSTEAMINE/CN 


T.I ^ 




2 


SEA 




LIPOIC ACID/CN 


L14 




1 


SEA 


ABB = ON 


THIOCTIC ACID/CN 


L15 




0 


SEA 


ABB = ON 


2 -MERCAPTO- 1 - PROPANESULFONI C ACI D/CN 


L16 




3 


SEA 


ABB = ON 


DMSA/CN 


L17 
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SEA 


ABB = ON 


304-55-2/RN 


T.I ft 




1 


SEA 


ABB=ON 


MESNA/CN 


L19 
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SEA 


ABB=ON 


D I TH I OTHRE I TOL/ CN 


L20 




0 


SEA 


ABB = ON 


ACIVACIN/CN 


L21 




1 


SEA 


ABB = ON 


ACIVICIN/CN 




FILE 


' HCAPLUS 1 


ENTERED 


AT 17:04:07 ON 17 SEP 2005 


L22 




1 


SEA 


ABB = ON 


ACIVACIN 




FILE 


•REGISTRY 


' ENTERED AT 17:07:30 ON 17 SEP 2 005 


L23 




1 


SEA 


ABB = ON 


ACIVICIN/CN 


L24 




17 


SEA 


ABB = ON 


LI OR L2 OR L4 OR L5 OR L6 OR L8 OR L9 OR 








L12 


OR L13 OR L14 OR L16 OR L17 OR L18 OR L19 OR L21 ( 




FILE 


1 HCAPLUS 1 


ENTERED 


AT 17:08:34 ON 17 SEP 2005 


L25 




23859 


SEA 


ABB=ON 


L24 


L26 


146867 


SEA 


ABB = ON 


L25 OR ( ? ETHACRYNI C? OR (2 , 3 -DIMERCAPTO- 1 



-PROPANESU 

LFONIC? OR 2 -MERCAPTO- 1- PROPANESULFONI C) (W) ?ACID? OR 9DITHIOCAR 
BAMATE? OR ? D I TH I OTHRE I TOL ? OR ? GLUTATH I ONE ? OR (? BUTHIONINE? 
OR ?METHIONINE?) (W) ?SULFOXIMINE? OR N - ? ACETYLCYSTE I NE ? OR NAC 
OR 7CYSTEAMINE?) 

L27 149253 SEA ABB = ON L26 OR (7LIPOIC? OR ? THIOCTIC? OR 2 -MERCAPTO- 1- PROP 

ANESULFONIC?) (W) ?ACID? OR DMSA OR MESNA OR ?REDUC? (W) ?CYSTEINE? 
OR ?ACIVACIN? OR ?ACIVICIN? 
L28 7586 SEA ABB = ON L27 AND ?REDOX? 

L2 9 1110 SEA ABB = ON L28 AND (?CANCER? OR ?CARCIN? OR ?NEOPLAS? OR 

? TUMOR? OR ?TUMOUR?) 

L30 199 SEA ABB = ON L2 9 AND ? PRQLI FERAT? 

"4"8~"SEA""ABB=ON L30 AND 7THIOL? 

L32 0 SEA ABB^ON L30 AND NON ? (W) ?VIRAL? 

*L33 57 SEA ABB = ON L3.0 AND^^^OTTOS^'Q^ ) 

L34 54 SEA ABB = ON L30 ANIX = i i PRD<19990216 OR PD<19990216)^? 

L35 85 SEA ABB = ON L31 OR L34^ — — 

L36 54 SEA ABB=ON L35 AND ( PRD<199902 16 OR PD<19990216) 

FILE ' MEDLINE , CANCERLIT, EMBASE, JAPIO, JICST-EPLUS' ENTERED AT 17:24:57 
ON 17 SEP 2005 
L37 103 SEA ABB = ON L35 
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L38 67 DUP REMOV L37 (36 DUPLICATES REMOVED) 

FILE ' USPATFULL ' ENTERED AT 17:27:05 ON 17 SEP 2005 
L39 808 SEA ABB=ON L35 AND ( PRD<19990216 OR PD<19990216) 

L4 0 316 SEA ABB=ON L39 AND ?THIOL? 

L41 140 SEA ABB=ON L40 AND ?CHEMOTHERAPEUTIC? (W) ? AGENT? 

L42 8 SEA ABB=ON L41 AND NON? (W) 9VIRAU? 

SAV L42 SPI435L42/A 

FILE 'HCAPLUS' ENTERED AT 17:29:19 ON 17 SEP 2005 
SAV L36 SPI435L36/A 

FILE 1 MEDLINE , CANCERLIT, EMBASE, JAPIO, JICST-EPLUS' ENTERED AT 17:29:39 
ON 17 SEP 2005 

SAV L38 SPI435L38/A 

FILE HOME 
FILE REGISTRY 

Property values tagged with IC are from the ZIC/VINITI data file 
provided by InfoChem. 

STRUCTURE FILE UPDATES: 16 SEP 2005 HIGHEST RN 863378-74-9 
DICTIONARY FILE UPDATES: 16 SEP 2005 HIGHEST RN 863378-74-9 

New CAS Information Use Policies, enter HELP USAGETERMS for details. 

TSCA INFORMATION NOW CURRENT THROUGH JULY 14, 2 005 

Please note that search-term pricing does apply when 
conducting SmartSELECT searches. 

************************************^ 

* * 

* The CA roles and document type information have been removed from * 

* the IDE default display format and the ED field has been added, * 

* effective March 20, 2005. A new display format, IDERL, is now * 

* available and contains the CA role and document type information. * 

* * 
************************************************************* 

Structure search iteration limits have been increased. See HELP SLIMITS 
for details . 

Experimental and calculated property data are now available. For more 
information enter HELP PROP at an arrow prompt in the file or refer 
to the file summary sheet on the web at: 
http : //www. cas . org/ONLINE/DBSS/registryss . html 

FILE HCAPLUS 

Copyright of the articles to which records in this database refer is 
held by the publishers listed in the PUBLISHER (PB) field (available 
for records published or updated in Chemical Abstracts after December 
26, 1996), unless otherwise indicated in the original publications. 
The CA Lexicon is the copyrighted intellectual property of the 
the American Chemical Society and is provided to assist you in searching 
databases on STN. Any dissemination, distribution, copying, or storing 
of this information, without the prior written consent of CAS, is 
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strictly prohibited. 

FILE COVERS 1907 - 17 Sep 2005 VOL 143 ISS 13 
FILE LAST UPDATED: 16 Sep 2005 ( 2 00509 16/ED) 

New CAS Information Use Policies, enter HELP USAGETERMS for details. 

This file contains CAS Registry Numbers for easy and accurate 
substance identification . 

FILE MEDLINE 

FILE LAST UPDATED: 16 SEP 2005 (2 00509 16 /UP) - FILE COVERS 1950 TO DATE. 

On December 19, 2004, the 2005 MeSH terms were loaded. 

The MEDLINE reload for 2005 is now available. For details enter HELP 
RLOAD at an arrow promt (=>) . See also: 

http: //www. nlm.nih.gov/mesh/ 

http : //www . nlm . nih . gov/pubs/ techbull /nd04 /nd04_mesh . html 
OLDMEDLINE now back to 1950. 

MEDLINE thesauri in the /CN, /CT, and /MN fields incorporate the 
MeSH 2005 vocabulary. 

This file contains CAS Registry Numbers for easy and accurate 
substance identification. 

FILE CANCERLIT 
FILE COVERS 1963 TO 15 Nov 2002 (20021115/ED) 

On July 28, 2002, CANCERLIT was reloaded. See HELP RLOAD for details. 

CANCERLIT thesauri in the /CN, /CT, and /MN fields incorporate the 
MeSH 2002 vocabulary. Enter HELP THESAURUS for details. 

This file contains CAS Registry Numbers for easy and accurate substance 
ident i f icat ion . 

FILE EMBASE 

FILE COVERS 1974 TO 15 Sep 2005 (20050915/ED) 

EMBASE has been reloaded. Enter HELP RLOAD for details. 

This file contains CAS Registry Numbers for easy and accurate 
substance identification. 

FILE JAPIO 

FILE LAST UPDATED: 5 SEP 2005 <20050905/UP> 
FILE COVERS APR 1973 TO APRIL 28, 2005 

<<< GRAPHIC IMAGES AVAILABLE >>> 

FILE JICST-EPLUS 

FILE COVERS 1985 TO 13 SEP 2005 (20050913/ED) 

THE JICST-EPLUS FILE HAS BEEN RELOADED TO REFLECT THE 1999 CONTROLLED 
TERM (/CT) THESAURUS RELOAD. 
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FILE USPATFULL 

FILE COVERS 1971 TO PATENT PUBLICATION DATE: 15 Sep 2005 ( 20050915/PD) 

FILE LAST UPDATED: 15 Sep 2005 ( 20050915/ED) 

HIGHEST GRANTED PATENT NUMBER: US6944881 

HIGHEST APPLICATION PUBLICATION NUMBER: US2005204445 

CA INDEXING IS CURRENT THROUGH 15 Sep 2005 (20050915/UPCA) 

ISSUE CLASS FIELDS (/INCL) CURRENT THROUGH: 15 Sep 2005 ( 2 0 050 915/PD) 

REVISED CLASS FIELDS (/NCL) LAST RELOADED: Jun 2005 

USPTO MANUAL OF CLASSIFICATIONS THESAURUS ISSUE DATE: Jun 2005 



>>> USPAT2 is now available. USPATFULL contains full text of the <<< 

>>> original, i.e., the earliest published granted patents or <<< 

>>> applications. USPAT2 contains full text of the latest US <<< 

>>> publications, starting in 2001, for the inventions covered in <<< 

>>> USPATFULL. A USPATFULL record contains not only the original <<< 

>>> published document but also a list of any subsequent <<< 

>>> publications. The publication number, patent kind code, and <<< 

>>> publication date for all the US publications for an invention <<< 

>>> are displayed in the PI (Patent Information) field of USPATFULL <<< 

>>> records and may be searched in standard search fields, e.g., /PN, <<< 

>>> /PK, etc. <<< 

>>> USPATFULL and USPAT2 can be accessed and searched together <<< 

>>> through the new cluster USPATALL. Type FILE USPATALL to <<< 

>>> enter this cluster. <<< 

>>> <<< 

>>> Use USPATALL when searching terms such as patent assignees, <<< 

>>> classifications, or claims, that may potentially change from <<< 

>>> the earliest to the latest publication. ; <<< 



This file contains CAS Registry Numbers for easy and accurate 
substance identification. 

FILE BIOSIS 

FILE COVERS 1969 TO DATE. 

CAS REGISTRY NUMBERS AND CHEMICAL NAMES (CNs) PRESENT 
FROM JANUARY 1969 TO DATE. 

RECORDS LAST ADDED: 14 September 2005 (20050914/ED) 
FILE RELOADED: 19 October 2003. 



Searched by Mary Jane Ruhl Ext. 22524 



Page 126 



